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..DESCRIPTION 

METHOD FOR DIAGNOSIS OF OPTIC NEUROPATHY 

5 TECHNICAL FIELD 

The present: inveation relates to a method and kit for 
diagnosis of optic neuropathy. 
BACKGROUND ART 

Glaucoma is a major cause of blindness worldwide, and 

10 estimated approximately 67 million persons suffered from some 
form of glaucoma. The majority of cases occur as late adult 
onset (typically over age 40 years) of primary open-angle 
glaucoma (POAG) , which is the most comoion form of glaucoma and 
affects approximately 2% in white population and 7% of black 

15 population over 40 years old* POAG results in a characteristic 
visual field changes corresponding to the excavation of the 
optic disc that is usually associated with an elevation of 
intraocular pressure (lOP) . Normal-tension glaucoma (NTG) is 
a form of open-angle glaucoma in which typical glaucomatous 

20 cupping of the optic nerve head and visual field loss are 
present but in which there is no evidence of increased lOP over 
21 mm Hg at all times- In Japan, prevalence of glaucoma is 
approximately 3.5% over 40 years old: POAG 0.58% and NTG 2 . 04 % . 
Prevalence of NTG in Japanese population is high coinpared with 

25 that in other populations. Glaucoma is a multifactorial 

1 
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disorder characterized., by a progressive optic neuropathy 
associated with a specific visual field loss^ and results from 
the interaction of laultiple genes and environmental influences/ 
although intraocular pressure (lOP) is a major risk factor for 
5 glaucoma. 

Risk factors to develop glaucoma include high lOP, age/ 
race/ positive family history/ myopia/ the presence of 
diabetes or hypertension/ and genetic factors. Although the 
exact pathogenesis of glaucomatous optic neuropathy is remains 
10 unclear, it is generally accepted that an increased lOP is a 
major risk factor. Current treatment for glaucoma consists of 
interventions which lower lOP. However, in some patients with 
glaucoma, NTG or advanced stage of POAG, reduction of lOP does 
not prevent the progression of the disease, indicating that 
15 factors other than an increased lOP may be involved in the 
development or progress of glaucoma. 

POAG and NTG are a heterogeneous group of conditions 
probably with different multi-factorial etiologies resulting 
in the observed patterns of neuronal, loss in the optic disk. 
20 The association between glaucoma and the presence of many 
systemic vascular diseases including low systemic blood 
pressure/ nocturnal dips in blood pressure, hypertension, 
migraine, vasospasm, and diabetes has been reported. The 
presence of optic disc hemorrhages in NTG patients suggests 
25 that vascular insufficiencies are "deeply involved in the 
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development and progrejssion of NTG- A high percentage of 
patients with FOA6 receive a wide variety of medications for 
coexisting disorder- Especially, systemic hypertension was 
the most coxnmon disorder, occurring in 48% of the total 
5 population. 

Glaucoioa-like morphological changes have been reported 
in patients with Leber's hereditary optic neuropathy (LHON) 
at the atrophic stage and dominant optic atrophy (PAO) - 
Recently/ the inventor has reported optic disc excavation by 

10 a cjuantitative analysis using Heidelberg retinal tomography 
(HRT) in the atrophic stage of Japanese 15 patients with LHON 
harboring the 11778 mutation. LHON is a 

maternally-transmitted eye disease that raainly affects young 
adul.t men. Approximately 70% of patients were male. This 

15 disease usually causes severe and permanent loss of vision 
resulting in a visual acuity of less than 0,1 • Visual field 
defects are present as central or cecocentral scotomas. So far 
more than 20 point mutations of mitochondrial DNA (mtDNA) have 
been reported in LHON patients worldwide, and more than 80% 

20 of I<HON patients carry one of three mtDNA mutations at 
nucleotide position 3460^ 11778/ or 14484. 

The major difference among LHON patients with one of 
these mtDNA mutations is in the clinical course. The 3460 and 
14484 mutations are associated with better visual prognosis 

25 than the 11778 mutation which shows visual recovery rates of 
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only 4% to 7%, However^, visual recovery has been dociHaenteci 
in some patients with the 11778 mutation. and an age of onset 
in the low teens. Recovery of vision appears to be more likely 
when visual deterioration begins at an early age, even in 
5 patients with the 11778 mutation. 

The clinical variability of LHON patients^ which 
includes age at onset, male predilection/ incomplete 
penetrance/ and visual recovery^ suggests that the disease 
most likely results . from polygenic or multifactorial 

10 mechanisms, possibly involving environmental stressors, 
X-chromosomal loci^ and other mtDNA mutations. However, 
attempts to identify a relevant locus on the X-chromosome have 
not been successful ♦ So-called ^^secondary I*HON mutations'^ are 
more. frec[uently found in European LHON patients than in 

15 xmaffected Europeans and are polymorphisms linked to the 
European haplotype J, These polymorphisms are not strong 
autonomous risk factors - 

Thus/ the primary mutations are the major risk factors 
in J«HON, but additional etiologic factors that augment or 

20 modulate the pathogenic phenotypes appear to be necessary. 
Considerable evidence indicates that heavy alcohol and/or 
tobacco use increases the risk of optic neuropathy in IjHON 
families, although one study did not find this association* 
Possible secondary genetic interactions are complex and not 

25 firmly established. 
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( 1 ) EDNi (^v K-fe y 1) 5tfe^ : Kv'ii-^- 198 iSLt^ V v^i^is-fcUrr 
10 (2) EDNI {.^i^ K-fe y :^ 1) 5t^^ : ^SW-^-1370 fic*?^^ 

(3) EDNI K-fe y 1) jt^^^ : 138 ^ICTT^^i^^S^tA^ 

(4) EDNRA .(^v K-fe y ^-S^^f*: jO 3^^^ : ife^^-t- 70 h-s^i^^ 
15 tz.\%^T===--^ 

( 5 ) EDKfRA (ar K-fe: y ^'g^^is A) 3t^S^ : 1222 i2:j)se^ b 5^:^ 

( 6) EDNRA Kiry v^^ftCA) at-^^ : » Fi^#-^323{fi£:cot^^-j^ 

20 (7) EDNRA (^X y A) jg^^ : «£^#-§-231 m^^T"^^^^^ 

(8) EDNRB (a^:^ K-fe y V^^ft: b) 5&^5^ : = K>'^^ 277 m-^ovi^ 

( 9 ) 5 f n K y rJSe-T^ : 9099 -(SA^ti^ h v^^^ fcl^T-T^^- 

25 (10) 5: h=ai^KyrJte^:SS#-^910lj£#tf^5>'^fctt^7'— V 

5 
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(11) 5h=ii^KJJ r3t^^ : mMm^ 9101 (tHi^ 5 fcf±-> h ^^i^ 

(12) ^ h^'^^Ky XfilM^ :4SS#-3^9804i£)65-?'T=>'^fc{*rv*^i^ 
(1 3) 5 h a^-Kyrat-te^ 11778 iS:;&5-?'T=>'j6*b 7-9*=^ >- 

(14) ATI (7- II ^mW^ 1 ) 5&^5^ : :^®#^-7i3 ffi:;^^^ 

(15) ATI (r ^^-v' Vi/'^' II S^il^ 1 ) it^^ : m^|i=-i-52i 

(1 6) AT2 Cri^'¥^7'i^S^VllS^«:2) m^^'.m&^^ 3123 iSLiSI^Z^ 
10 (17) caqRi (A z^-f- fcV K^^^^i l ) 5t^^ : MSI^^ 1359 ^-A^ ^irz2. 

(18) cNRi i:f3iy'r\fy^\^^mW^\) 3Se^ : ass e:;5se^ h-v 

(19) S.-HT2A (-fe Q h = 2A) 3g^^ ; mm^^ 102 5 

IS fette^ft^^^ 

(2 0) 5-HT2C ("feo h = 2C) it^-i^ : ^ K:/#-^ 23 ^Hy^-^^^ 

(21) CACNAIA (* yW-i^ •J' i/'^yU alA) ig^S-f^^M 

(2 2) ATP1A2 (;:^ f y e^A/* V t7 J>^^>'^ la2) jfi^^^M 
20 (2 3) HSP70-1 (fc— hS/'3 y^^^^ta-T^^i^ 70-1) Jtfi^ : iiSS©-?- 190 

(2 4) MTHPR (p< ^ h 7 t Kc^igaSTC^m) st-e-?^ : t^#-^ 677 

(2 5) PONl (-'•?^i3-=3ey-^ — 1) Ja^^ : =» K^## 192 tfitdS^y 

25 
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(2 6) PONi{^-?7:^=¥y"t--7:-^i)it^^-: ^ H:x#-^55&:5Sa-rv'X*fc: 

(2 7) PON2 (^-^^^-^y-?-—"^ 2) 3te^ : =i KV^-i- 311 ^fiC^^e^J'^T^'f 

5 (28)MNP1 (-^ ^^ta^'a-T'T'— e 1) ^^^<^>r7"i3^— M 
*^{;i*5l-JS 1G/2G 

(SO) MNP3 (.-^hV ^^^:!i^t2':^viTT—'ii3) SkSK^(oyt3^^^^-i^ 
10 *§JsJj::fettS 5A/6A 

(3 1) BiAR (/31 7- Kl-•:^y V^^^:) : = Ki^#-^ 49 titJ^s-fe: y 

^fcttiS^y 

(3 2) BIAR (31 7- Kl^^y ^-S^ffc) : =2 K^-fS^ 389 ^H^iS^V 

15 (33) B2AR ( i3 2V K W-?- y ^'g:^#:) at^^ : » K>'#-^ 1 6 ^t^T/i^^ 

:=>'*fer*^'y ixv 

(3 4=) B2AR ( 0 2 Kl^-^-y :^^^(*^) jglfe-?- : Ki^^-^ 1 6 4^4:jiS:5^ 1^ 

(3 5) ?:^'>y >'St^^: =1 Kv#-i-369ife:;d«:73=.=/V'T7=:^*fct±»=i'T . 

20 i^i^ 

(3 6) OPTN (:^:7'^sii..— y i^) 3tfe^ : ^S?S#-412 fe*S;5^m>'^^c 

(3 7) SELE (E— *feU:?^V) it^^=-:^^#^1402-{S:*Si^h$^>'^yt«; 

25 (3 8) TNP-ce (flSl^^JEH^a) Jtfe^ : iSS^-g— 857 ^3&S^^ ^^^S-ttJ! 

7 
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oprNat-G-iF : MM^-^ 412 ^fed^T'-T^sv 

(3 9) TNP-a (lli^^5E@^a) : 863 fi:dST7*=>':fe J: 

t/i OPTN JSe^ : i&^-g- 603 &j6Srv*=i^ 

(4= O) TP53 3g^^ : =» Kv*^-^ 72 iS:;557-/^^=;:^*:fcf*^i3 y V 
5 (4 1) 5: a y—M.m.^y^^-> Kt K-7-— ^ (ephxi) : K>^#-^ 

113 i3r^s^t3->i^^^t»fc 

( 1 ) EDNl K-fe y >' 1) ai:^^ : h'^^m-^ 198 P i^^/^fcf^T 

(2) EDNl C3i>' Kir y :^ 1) 3ge^:i&^-^-i37o<a::5s^$ v^fcra^^T' 
15 (3) EDNl If'bDiy 1) : 138 m^Tv'=^:^iim7^^ 

(4 ) EDNRA c^^- K-fe y A) st^^ : mmm^-^ lo h s^v^ 

( 5 ) EDNRA (J^^- K-fe y A) 5t^^ : 1222 V h 

20 

(6 ) EDNRA (^V K-fe y X^^ttJA) Jt^^ : = Ki^#-^ 323 ^SCOfc ^^^^ 

(7) EDNRA (:x>' K-fe y A) ig^^ : mS#-^-231 ■&:5Srv*=>'^ 

25 ( 8 ) EDNRB i=^:^ K-fe y ^^^^^^2 B) 3©^^ : =« K^-fl-^ 277 iSKO » i^i^ 

8 
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(10) ^ h =2 J) rit^^ :^t^#^9ioi itd5^5>'*fcf4:5^7'^>' 

(11) ^ h^J^^ Ky Tat^^ : i^S#-i^910l&55S^5:>'-Sfc{*->'hixv 
5 (12) 5: hrai^Ky rit^^ ::^^#-^9804f$:;d5:J^Tc=^:^fc{iT^— 

(1 3) 5 f:='>'Ky7-it^^ 11778 &dS:*^T=i^d^e>r7*=:x 

( 1 4) ATI (T:^=¥:^7^>->i^ II 1 ) it^^ : mS^-^-713 fic:*?^ 

(1 5) ATI (T:^^:^7^:^Vi'llS^#:i) 3S«5^ : 4tS#-^-521 
10 f5^>'^fcJ*^5 1^ 

(16) AT2 (TZ^^yi-TZ^Ui^XX^^i^Z') it^^ : 3123 ffiiss^ 

(1 7) CNRl (fi^-Mfy^'i' K^^#:i) 3t«^:«l[3£#-^l3S9«a:*5:iS^:r:=i 

IS (18) CNRl (;{?i^-:Mfy-f KS^#:i) a&e^ : 385 ^A^i;^ v 

(19) 5-HT2A (-tea h=^:^^S^i^ 2A) it^^ : 102 

(2 0) 5~.HT2C (^a 2C) ift-S:?^ : = K^-lf^ 23 

20 i^^fcjA^fery:^ 

(2 1) CACaovlA (*/t'V!>Jis'9=^-V>'-:|;/UalA) is^STF^M 

(2 2) ATP1A2 i^hV ^J»^^:^zflcc2) igfe^^M 

(2 3) HSP70-1 (t— hiXa '>;J^:7'a^-Y>' 70-1) ig^^ : 190 

25 (24) MTHFR (;>< ^ W-Vt^ f ^ fc Ko|g^3@5c^^) itfi^ : 677 
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(2 5) POMi <^'«^2i-^y? — 1) 5t^^ : =« Ki^^-^ 192 ^fe^s^D-s^i^ 
(2 6) PONI (x-«7:^=3f.y-^ — '^Di^'fe^: => K>'^^ SSfed^c-f i/^'^fc 
(2 7) PON2 (x<^;^-d{^y-?-— >^ 2) 3®:^5^ : » Ki^lf-^ 311 

(2 8)MNP1 (-^ f y y^:^^!5'o7'ci-^T— ^ 1) JS'^^O-T'ta^— M 
Jl^slJlSettS 1G/2G 

10 (2 9)MNP2 (-^ h y y^;^pl^'a:7't2-7^7'— ^2) it^^ : *l:®#-^-1306 

(3 0)MNP3 (-^ h y s^:i'J:^^iJ'a:/i3 7^7'— 3) at^-T-O^^a-*— iJ'— 
j^tC*5»tS 5A/6A 

(3 1) BiAR ( 3 1 r K v^y i-'S^*:) ; =« Ki^^-g- 49 <a*s^ y ^ 
15 ^itn^V ->z^ 

(3 2) BlAR i&l T K1^-:?-y V§:^{*:). i^^^ : n Ki^#-§- 389 ^^S^^y 
(3 3) B2AR 02 T Kv-^y ;^^^<$:) jg^^ : = Ki^#-^ 1 6 fiCiSTy'l'^f 

^:^^^r±^y 

20 (3 4) B2RS. (i3 2 T Kl^-^-y ^^S^fls) : = K>'#-g' 1 6 4fiCdS;^ 

(3 5) ^;^->'y ^-at^^: =« K>'^^ 369^:65:7 ai—ZU-T^ — V* yjir* a 
(3 6) OPTN (;^7'^=*— y >-) at*5^ : ^Mm-^ 4X2 ^-i^^ifT 

25 riT^^v 

10 
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(3 7) SEI.E (E— Vti'^V) : Mm^^ 1402 ^d^c^ h ->'>'^^c{* 

OPTN Jt-e^^ : mmm^-^ 412 mi^r'f=^^^ 

(3 9) TNF-a (ll^^S^ci) it^^:i^^:S-^-863fit:5ST^=>'*5j: 
t)J OPTN it^^ : M^k^ 603 {SL-b^T'ri^^ 
(4 0) TP53 3g^^ : a K>'S-^ 72 ^S:;55r/U^:=.>'^fcf*:?'P P V 
(4 1) ^-troz/^-J^m^^^^^VM}^^'—^ (KPHXl) at^^; Ki^#:-^ 

113 {a:/?i5^niS'>'^fcf^;fc:;^^5=^v 

*ISe^f±s 4#t2:t^DD^t I ]^^:*3V^X (1) ~ (3 9) <^V^Ttt*=>^^?/d^< t 
o) — (4 1) c^v^-rt^^^^l>Jfc< ioo>5t^T-0M^lr/S¥^-f-Sii<!;^4#tgc 

©^fe) Sr^U. =Rr#*<jlciW:3t^^<om^-^9099&<^>i^hV^ (c) 

(a) ^t^muxv^sr i:^jti*t-'5„ ^fciituf*. m.m^^- 90^9 m^"^ V 
(c) ^/cf^iTT^^^' (A) ^m-r^m.m=f'^m.ii^^^^-i-^^t^0i't-h(r> 

:4=:^8gj£i*3V^-C^ rGlnl92Argj ^<7>^|Br3:x it^^<^^SSifelw# 5 T 5 

V^J'iyiy (Gin) Ifi-DV^s^ty (ivrg) tc^^UXV^5ifc«:S^*t'2>» ^^i: 

11 
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5 (single nucleotide polymorphisiQ: SNP) *5j;U^^pt;J' l^;^-?^ K;5=*b 
^jSi: 011:^:55^ P>nxv^S4&^<^>3tli•^^#MSr^«>XfToX1><tV^o =^ffc<^ 

So 

il^<2f^<Z>:&i5feSr«VNS^i:dSX#Sc -f^^Stj^^^m^tfe i: UX tt. PCR- 
R F L P^fe («!liS^l5f^»f»f>irS^MJ¥?^) s P.C R - S S C (— Tjc^D N 

20 AWi9mm0mm¥T). as o^^-fr^^y iP'^-e-vs ^^jfe. f jri^ 

ARMS^Sfe^ DGGEfe, RNa s e A^»Hfe. -fb^^lBr^. DPLjfe^ 
TaqMan P CRfe^ ^ ^^—gfe^ MALD I -TOF/MSife. TD 

eg<^^;§•^fe^^:^oV^X^*. :!li^£.©^fem:&ife{*^3feX'^v^xt>> ^Mi^B-^^i^-^ 
2S xffiVNX'ba:v>o 

12 
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o-c»jfe<> m:^t£^ ^m. Mm. m^. y^-^-^^. ^m^-. i^rnm. m 
m^^-s^hicn. ^fejto (1) ~ (4 1) o#?g*^e>^jts^/v— ^j:*)®#^*«T. 

S^i:d5-c^S. :*:3egg<o::?'^>i'-=?— ::^fi, DNA^Sti-^ffe^co 
20 S« 

25 jjs^iiirjfes. 

13 
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^ ^ ^m-r ^ ^ i :d5Br|g t ?S; s „ 

14 
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y >^^^^l&fJc^S£-C 5 r. A5«rtgl^:*^ y) ^ ®<^OiSV^ QOL (Quality of life) 

10 ^m^^?>'h<0'Vt±fJ:\f\ 

'£XAMP1£ 1 Polymozrphio VarxantiB of Genes Assoaiated wlt:}i 
i^popiLosis and Oxidative SHress in X<eber's. Heareditary Optic 
Neuropathy 

15 

Fuirpose: To detenaitie whether genetic polymorphisms for 
oxidative stress and apoptosis cause the clinical variability 
in patients with Leber' s hereditary optic neuropathy (LHON) . 
MSiTEKZAIiS AND METHODS 
20 Patients 

We studied 86 unrelated Japanese patients with LHON 
carrying the 11778 mutation with homoplasmy- Their intDNA 
mutation was confirmed by polymerase chain reaction followed 
by a restriction-enzyme assay which revealed concordant gain 
25 of an MaelXZ site. 

IS 
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The mean age at. the onset of visual loss in 86 I<HON 
patients was 25,1 ± 13. O years with a range 3 to 65 years. 
Genomic DH?^ Extira^ction and. Genotyping 

DNA was extracted from peripheral blood leukocytes by 
the SDS-proteinase K and phenol/chlojrof orm extraction method. 
Eolymoarphisms were examined in the oxidative stress-related 
gener microsomal epoxide hydrolase (EPHXl) , and the 
apoptosis-r elated gene, TPS3- 

Each polymorphism was identified using polymerase chain 
reaction-restriction fragment length polymorphism (PCR-RFLP) 
techniques (Table 1) • 



Table 1- PjrijDner sequences, product s5.2:e^ and annealing Hen^eratures 



6ehe 




Primer seciuence:? 


Product 
(bp) 


Annealing 
Temperatiur^ 
(^) 


Restriction 
Enzyxue 


TPS 3 


P 
R 


X7G CCG TCC CAA. GCA ATG GA 
TCT GGG AAG GGK CAG AAG AJTG AC 


199 


60,0 


Acc II 


BPHXX 


P 
R 


GAT CCSA TAA 6TT CCG TTT CAC C 
TCA ATC TTA GTC TTG AAG TGA GGA T 


165 


56.0 


EcoR V 



RKSUIiTS 

The associations between age at onset and the 
polymorphisms were presented in Table 2-1 and Table 2-2- 



Table 2-1. Association betivreen age at onset and TP53 {Arg72Pi:o) and BPHXl 
(TyrllSHis) gene polymorphism in l*eber' 6 hereditary op^ic neuropathy 



Gene 


Genotype 


P 


TP53 <Arg72Pxc) 

Age at: onset 


Arg/Arg 
20,7±:10. 6{n=35) 


Arg/Pro + Pro/Pro 
2e,l=*il3 .8 {n-51> 


0.009 


EPHXl (Tyrll3His) 

Age at onset 


Tyr/Tyr + Tyr/Hi» 
27.9d:13,9(n«4S> 


His/His 
22.1=i:11.4 (n=41) 


0.038 



P Value for i:-t:est 



16 
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Table 2-2- Association berween age at onset and TPS3 (Arg/Acg) and EPHXl 
(His/His) gene polymoxphlstti in Leber's hereditary optic neuropatby 



Group 1 


Group 2 


Group 3 


JP 


Axg/Arg anH His/His 


Arg/Arg or His/His 


others 


17-7±9.3 


25,3±X1.3 {nF=38) 


29,8±15-1 (n-29) 


0.0044 



P value fox K]cuskaX**Walli9 
Group 1: Patients who have Arg/Arg at codon 72 in TP53 and His/His at codon 



113 in EPHXl 

Group 2: Patients who have Arg/Arg at codon 72 in TP53 but not His/His 
at codon 113 in EPHXl, ox His/His at codon 113 in EPHXl but not 
Arg/Arg at codon 72 in TPS3 

Group 3: Patients other than Groups 1 and 2 

As shown in Table 2-1 # the codon 72 genotype in TP53 
and the codon 113 genotype in EPHXl were significantly 
associated with younger age at onset of Leber'^s hereditary 
optic neuropathy - 

As shown in Table 2-2, the co-existence of the Codon 
72 genotype in TP53 and the codon 113 genotype in EPHXl were 
significantly associated with younger age at onset of Leber' s 
hereditary optic neuropathy* 

These results indicated that detection of the Arg/Arg 
homozygote- in TP53 and His/His homozygote in .EPHXl make 
possible the early diagnosis and early treatment of Leber's 
hereditary optic neuropathy. 
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These results also indicated that the Codon 72 
polymorphism may interact with mitochondrial dysfunction to 
• influence disease expression- Individual variations may 
exist in the apoptotic response that is correlated with the 
5 polymorphism at codon 72 of p53, Bonafe et al (Biochem Biophys 
Res Commun 2002;299: 539-541 •> - reported that cultured cells 
from healthy si^jects carrying the Arg/Arg genotype underwent 
more extensive apoptosis than cells f rom Arg/Pro suhjects in 
response to the cytotoxic drug cytosine arabinoside- Thus^ 

10 naturally occurring genetic variability at the p53 gene could 
partly explain individual differences in in vXvo 
susceptibility of cells to a chemo therapeutic drug* Dumount 
et al (Nat Genet 2003; 33: 357-365).- reported that the Arg72 
variant was more efficient than the Pro72 variant at inducing 

15 apoptosis, with at least one mechanism underlying this greater 
efficiency being enhanced localization of Arg72 variant to 
mitochondria in tiamor cells. The synthetic .p53 inhibitors 
might be highly effective in treating LHON in which neurons 
died by apoptosis triggered by xaitochondrial impairment and 

20 oxidative stress. 

Example 2 Mitochondrial DKA. mutations related with Xjeber's 
hereditary optie neuropathy in primary open-angle gXaucoma and 
'nonaal -tension glaucoma 



IB 



Materials and Methods 
Pa.t:lexit:s 

A total of 651 blood samples wexre collected at seven 
institutions in Japan. There were 201 POAG patients^ 232 NTG 
5 patients/ and 218 normal controls/ and none of the subjects 
was related to others in this study. 

The mean age at the time of examination was 61.2 ± 16*0 
years in POAG^ 58.8 ± 13*6 years in ISTPG, and 70»6 ± 10,9 years 
in the control subjects. The mean age of the control siabjects 

10 was significantly older ttiaxi that of POAG patients (P <0.001) 
and the NTG patients (P <0,001) . We purposely selected older 
control subjects to reduce the probability that a subset of 
them would eventually develop glaucoma. Theare were 112 (55.7%) 
men in the POAG groupi^ 108 (46.6%) in the NTG group,, and 89 

15 (40.8%) in the control group - 

Patients were considered to have POAG if they had a 
normal open-angl^, a cup-disc ratio greater than 0,7 with 
typical glaucomatous visual field loss on either Goldmann or 
Humphrey perimetry, and' the absence, of ocular, rhinologic/ 

20 neurological, or systemic disorders which might be responsible 
for the optic nerve damage. Patients with NTG had an lOP of 
21 mmHg or low^r* Patients with exfoliative glaucoma, 
pigmentary glaucoma, and corticosteroid- induced glaucoma were 
excluded* 

25 Two-hundred-eighteen control samples were obtained 
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from Japanese subjects who had no known eye abnormal itxes 
except for cataracts. These subjects were older than 40 years, 
had lOPs below 21 cam Hg, had normal optic discs, and no family 
history of glaucoma - 
5 Detection of mtDKA Mutations by Invader^ Assay 

Genomic DNA was isolated from peripheral blood 
lymphocytes by standard methods of phenol-chloroform 
extraction. 

The primary probes (wild and mutant probes) and Invader® 
10 oligonucleotides (Invader® probe) used to detect the six mtDNA 
mutations (G3460A, T9101C, G9804A, G11778A, T14484C^ and 
T14498C) by the Invader® assay are shown in Table 3. 



Table 3 The oligonucleotide sequence o£ wild type, imitant. dnd invacSAT prdbsa with Invader assay to detect 



20 





Eroibe Sequence 


Tm. 


oye 


G346QA 


Anfci— aexiae 


VjiXd ACesi^OGC3SCSai39cc»3Llia.^&ct:cCt:cacc«( 
^^utant: OSCGOC(3\£GAcc&i:aaaeLctct:t:€:ai«3CA&ii 
Invadej: cx;c::t:dc:crggct:act:acaacx;c:t;iic:gecgact; 


63.2 
63.3 
77,7 


BED 


T9101C 






64*1 
62.2 
76.8 




G9804A 




Vlld ACOcsa^oeCQBASgccacaggetiecca 
Miitdnt; OSQOCCGaGGaccsaeaggefCqcac 
Ximrader cat'Ctx:cgacggcat:ctac:ggBi:<2aacact;i:ti;tgtaT 


63.7 
63.7 
76»? 


cm 

BED 


Gll77aA. 




Wild JACGGACGC3GSaG9C2at:cat:aar«ctctctc3aag 
HU£axtt OOOG0aGM3Saeatcataat:cat:ctctcaag 
Invader gcctagcaaactcaaajstac^a^acgcactcacagtct 


63.5 
62.2 
77*7 


BED 




Senae 


Vxixl OSC3QC306M3(5a1;;g9t:«gte^^tggat;at.aci:aje 
Mutant 2Mwas2W3<XJSQ3^Cgtggttgtcct:rgg 

Invader fcti1:t:gggggaggttat;atgggt:t.taat:agt:t:t:ttttaatttatt:i:agggggaat:gt 


63.4 
62-8 
76,0 


FAM 

RED 






Wild cgc>gOOGaflGat:tt:agggggaat:gatggt 
MUtiant AOGGACt3CX9G2VGgtt:i».gggggaAt:gal:gg 

Invader tg«bai:i»ctctgaa^tt;t:gg9€r9&0€n^i:atetgggtti;aaCagti:ctitt:caat:t:^ 


64.0 
62.7 
74.1 


FAM 
BSD 



25 Invader® assay FRET-detection 256-well plates (Third 

20 



Copy provided by USPTO from the IFW Image Database on 03/10/2005 



Wave Technologiesr Inc/ Madison^ WI) contains the generic 
components of an Invader® assay (Cleavase® enzyme VIII, FRET 
probes, MOPS buffer, and polyetbyiene glycol) dried in each 
of the individual wells. The biplex format of the Invader® 
5 assay enabled simultaneous detection of two DNA sequences in 
a single well . 

The detail method was described previously. In brief/ 
8 fal of the primary probe/ Invader® /mixture and total DNA (10 
ng) samples were added to each well of a 96-well plate, and 

10 were denatured by incubation at 95^ C for 10 min« After 15 jixl 
of mineral oil (Sigma, St. Louis, MO) was overlaid on all 
reaction wells, the plate was incubated isothermally at 63** 
C for 2 hours in a PTC-100 thermal cycler (MJ Research, Waltham, 
MA.) and then kept at 4** C until fluorescence measurements* The 

IS fluorescence intensities were measured on a CytoFlour 4 0 00 
fluorescence plate reader (Applied Biosystems, Foster City, 
CA) with excitation at 485 nm/20 nm (wavelength/ bandwidth) 
and emission at 530 nm/25 nm for FAM dye; excitation at 560 
nm/20 nm and emission at 620 ran/40 nm for Redmond KED (E^BD) 

20 dye. Each samples was tested in duplicate in the same plate 
and two fluorescence measurements were performed in each plate, 
Thus, four measurements were obtained for each sample and they 
were averaged. 
Direct DMA Se<2U^ncin^ 

25 To detect mutations by direct sequencing, the PGR 
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products were first . purified witti the QIAquick PGR 
Purification Kit (QIAGEN^ Valenica, CA/ U5A> to remove 
unreacted primers and precursors- The sequencing reactions 
were then performed using the ABI PRISM BigDye Terminator 

(v. 3.1) Cycle Seq[uencing Kit^ according to the manufacturer's 
protocol (Implied Biosystems) * The data were collected by the 
ABI PRISM 310 Genetic Analyzer and analyzed by the ABI PRISM 

sequencing analysis program (v. 3, 7) . 

Table 4. Primer sequences 



mutation Primer Sequences 

ty ^ 

3460 F GAG TCA GAO GTT CAA TTC CTC 

R TGG QGA GGG GGG TTC ATA GTA 

1 1778 F GGC GCA GTC ATT CTC ATA AT 

R AAG TAG OAG AGT GAT ATT TO 

14484 F m V 

R GCTTTGTTTCTGTTGAGTGT 

9101 F AAA ATG CCC TAG CCC ACT TO 

R GTC ATT ATG TGT TGT CGT GO 

9804 F CAC ATC CGT ATT ACT CGC AT 

R COG ATG AAG CAG ATA GTG AG 



RESULTS 

A total of 651 Japanese subjects were studied. When a 
nucleotide substitution is located within a primary probe or 
an invader probe, the examined cases showed no reaction to both 
probes by Invader assay. In such cases, direct sequence 
analysis showed single nucleotide polymorphisms (SNPs) at the 
nucleotide position of 9099, 9101, 9102, 9797, and 9815- 

As shown in Tal>le 5, 7 patients including 5 females and 
2 males harbored 5 mutations of mtDNA, and. have not developed 
IiHON. Two patients (Cases 1 and 2) harbored novel amino acid 
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• changes which have not been to associated with LHON/ and 5 
patients (Cases 3 to 7) harbored LHON mutations - 

These latDNA mutations were not detected in normal 
controls - 

5 

Table 5. 



Case 


mbDNA iuut:at±on 


Patient 


X 


C9099A mutation (lie t:o Met) 


PQAG (Malel 


2 


T9101G mutation (lie to Ser) 


POAG (Female) 


3 


T9101C mutation (lie t:o Thr) 


POAG (Female) 


4 


G9804A mutation (Ala to Thr) 


POAG (Male) 


5 


G9d04A mutation (Ala to Thr) 


NTG (Female) 


6 


Gll77dA mut;at,±on (Arg to His) het^ero^Lastty 80% 


POAG ( Femal e } 


7* 


G11778A mutation (Arg to His) heteroplasmy 15% 


NTG (Male) 



As described above / we found 5 mtDNA mutations including 
2 novel mtDNA mutations in glaucoma patients . These results 
10 indicated that mtDNA mutations is one of the risk factor to 
develop or progress the glaucoma, and detection of the mtDNA 
mutations makes possible the early diagnosis and early 
treatment of glaucoma* 

15 Example 3 Geno polymorphisms of the renin-angiotensin 

aldosterone system associate with risk for- developing primary 
open-angle glaucoma and normal-tension glauc^^na 
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Puxpose: Multiple environmental and genetic factors may be 
involved in pathogenesis of glaucoma. To predict genetic risk 
of glaucoma/ an association study in gene polymorphisms of the 
renin- angiotensin-aldosterone (R-A~A) system was performed. 
MA.TBRI:A1.S and METHODS 
Palix^ntis and Con-trol sliudy subjeabs 

A total of 551 blood samples were collected at seven 
institutes in Japan. They wera 162 POAG patients/ 193 NTG 
pati^ntS/. and 196 normal subjects, and none of the subjects 
was related to others in this study • 

The average age at examination was 56.8 ± 13 « 7 years 
in NTG/ 62,0 ± 15*4 years in POAG> and 71.2 ± 10.4 years in 
normal subjects* The average age of the normal control svibjects 
is significantly higher than NTG patients (p <0.001) or POAG 
patients (p <0.001)^ respectively. This could reduce the 
possibility that a subset will eventually develop glaucoma. 
The familial history was recorded in 66 (34.2%) out of 127 NTG 
patients and 49 (30,2%) out of 113 POAG patients - Male patients 
wore 89 (46.1%) in NTG and 87 <53,7%) in POAG, and 77 (39.3%) 
in normal subjects* 

One hundred ninety-six Japanese control samples were 
obtained from individuals who had no known eye abnormalities 
except cataract. These subjects were older than 40 years with 
lOP below 21 lomHg, no glaucomatous disc change, and no family 
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history of glaucoma. 

Seven genes and 10 polymorphiisias in the R-A-A system 
were determined for each subject with glaucoma or normal 
S Japanese control with renin (REN) I8-830A, angiotensin II 
type 1 receptor (ATIR) 1166A>Cr -5210T, ~7l3T>G, angiotensin 
II type 2 receptor (AT2R) 31230A, cytochrome P45011B1 
(CYPllBl) -344T>C/ and chymase (CYH) 3l23C>Air were identified 
u$ing by polymerase chain reaction-restriction fragment 

10 length polymorphism (PCR-RFLP) . The angiotensin-converting 
enzyme (ACE) insertion/deletion (I/D) was determined only by 
PGR and agarose gel electrophoresis* To avoid the false 
determination of ACE/ID polymorphism, I allele specific 
amplification was carried out following the protocol of 

15 Lindpaintner et al (N Engl J Med 1995; 332: 706-711) , Genomic 
DNA was Isolated from peripheral blood lymphocytes by 
phenol--chloroform extraction. The primer sets and restriction 
enzymes used were listed in Table 6, 

20 
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Table 6. Priiaer pair sequences used for PGR aic^lif Icatiion and restjciction 



enzymes of polymorphic sxties in renin angiotensin system- 





G«n9 


l^ol ytn o rphl Stn 




Anneal Ing 


Product aixe 








R£K 


I8-B3G>A 


7GA&I5TTCGAGTCGGOCCCCT 
TCGCCAAACATGGCCRCACAT 




2S0bp 




G: 

A£ 


250bp 
i71+79bp 




AC£ 


X/D 1st 'A^ep f3CCCrn;CA6GTGTCTGCFU6CA76r 




D: 3I9bp 








5 










Xz S9'7bp* 












2nd step TGGCAG(:;ACAf»36CXXXK;CACTAC 




D/Ds no pcoduct 














TCGCGTVSOCCTCCCAXGOCCATAA 




X: 335bp 










ATI 


X).66A>G 


GAGGTTGAGTtsnCATGTTCGAAAC 
<X3TCATCTGTCW«TGCAAAATGT 




253bP 




A: 
Cz 


253fap 
155+98bp 






-5210T 


CGTGATGTCTTTATCTGGTTTTG 
CGAACTTTGGTAA7ACAGTTC3T6G 




Z'JObp 


sspx 


C; 
T: 


270bp 
144i-126bp 






• -713T>G 


AAACl!ACAGTCy^CC<7PACTCACCT 
TTCTTCJ^CAAACTCTTCCAA 




292bp 


Sia CI 


Ts 
Qi 


170+122bp 
292bp 




A32 


31230A 


GGATTCAQYTTTCTCTTKSAA 
GCATAGGAjBTATOATTTAATC 




340bp 


AluX 


Cs 
Ai 


340bp 
227-l-113bp 


10 


CYPIIBI 


-3440T 


CUt^GGAGGGnTOAGCAGGOUaAGCACAG 


63*0 


404 top 


HaeXXX 


C2 


333bp + 71bp 






CTCACCCTVGGAnCCTGCrCTGGAaACATA 








T: 


404 bp 




CMA 




AATCCGGAGCTGGAtSAACTCTTGTC 




Z85bp 


Bsexx 


AC 
Gs 


283bp 



Tiie genotyping angiotensixiogen (AGT) T174M, M235T was 



deHermixxed using by Invader assay®. 

15 Genotype distr^ibution of R-A-A system in iTapanese population 
Of 10 polymorphisms in R-A-A system, three showed a 
significantly difference in frequencies of genotypes: 
REN/I8-83G>A for POAG^ AT1/-713T>G for POAG, and AT2/31230A 
for NTG (stable 7) . A 31230A polymorphism was associated with 

20 only female patients with NTG. 

A frequency of homozygous G genotype (GG) in AT1/-713T>G 
polymorphism was significantly higher (p-0.04 for TT+TG v GG) 
in POAG patients { 4 - 2% ) than in controls ( O - 5% ) . And a frequency 
of homozygous A genotype (AA) in REN/ I8-83G>A polymorphism was 

25 significantly lower {p=0.031 f or GG+GA v AA) in POAG, patients 
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(0^7%) than in controls (5.5%). A frequency of CA+AA genotypes 
in AT2/31230A polymorphism was significantly higher (p— 0 . Oil 
for CC V CA+AA) in female patients with NTG (70.8%) than in 
female controls (55,0%). 
5 Table 7 • Assocxatilon Iset^ween glaucoma (POAG and NTG) and gene polymorphism 



of the renln-anglot:ensj.n aldost:erone system. 



10 



Gene 


Gone 
Pol vKiorphi 




Genotype 
Frequency 


P 


Renin 


X&-830A 




GG+GA 


AA 


POAG 
(n=153) 


152 
(99,3%) 


1 

(0-7%) 


0.031 


NTG 
{n^l85) 


177 
(95.7%) 


8 

(4.3%) 




Control 
(n=183) 


173 
(94,5%) 


10 
(5-5%) 




ATX 


-713T>G 






GG 


P 


POAG 
(n-^165) 


158 
(95-8%) 


7 

(4-2%) 


0-04 


NTG 
{n=208) 


208 
* (100%) 


0 

(0.0%) 




Control 
(n=198) 


197 
(99.5%) 


1 

(0.5%) 




AT2 


31230A 
(Female) 




CC 


CA4-AA 


P 


POAG 
(n-79) 


34 
(43-0%) 


45 
(56.0%) 




NTG 
(n=120) 


35 
(29,2%) 


85 
(70-8%) 


0.011 


Control 
(n=lll) 


54 
(45*0%) 


66 
(55.0%) 





20 Assodatiion lae-tween two promotier polymorphisms in ATX in EOAQ 
patiients 

A frequency of POAG carriers with combined homozygous 
-521T and homozygous -713G (4.2%) was significantly higher 
(p=0,011> than that of normals (0%) (Table 8). Only POAG 
25 patients, neither NTG nor normal subjects, had this genotype* 
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Table 8. Distribution of genotypes of ATI -521T allele and -713G allele 



5 



Group 


A 


B 


P 


POAG 


7 


158 


0.011 


(n=165) 


(4.2%) 


(95.8%) 




NTG 


0 


208 




{n=208) 


(0-0.%) 


(100.0%) 




Control 


0 


198 




(N=198) 


(0.0%) 


(100-0%) 





A: Subjects with two -321 alleles and two -713G alleles 
B: Subjects not satisfying the criteria for Group A- 



i;hese results indicated that gene polymorphism of the 
10 renin- angiotensin aldosterone system is one of important 
genetic risk factors for development of glaucoma. Detection 
of the REW/I8-830A and AT1/-731T>G polymorphisms make 
possible the early diagnosis and early treatment of POAG* 
Especially, specific genotype of combined homozygous -^521T and 
15 homozygous -713G in the ATI gene is useful for the early 
diagnosis of POAG- Detection of the AT2/31230A polymorphisms 
make possible the early diagnosis and early treatment of female 
patient with NTG. 

20 Escample 4 Gene polymosqphisms of the Endothelin gene associate 
with risk for developing* normal -tens ion glaucoma 

Methods 
Patients 

25 A total of 605 blood samples were collected. There were 
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178 POAG patients, 214 NTG patients, and 213 normal controls, 
and none of the subjects was related to others in this study. 
Patients were considered to have POAG if they had a normal 
open-angle, a cup-disc ratio greater than 0;7 with typical 
5 glaucozaatous visual field loss on either Goldmann or Humphrey 
perimetry, and the alpsence of ocular, rhinologic, neurological 
or systemic disorders which might be responsible for the optic 
nerve damage. Patients with NTG had an lOP of 21 nonHg or lower . 
Patients with exfoliative glaucoma, pigmentary glaucoma, and 
10 corticosteroid-induced glaucoma were excluded; Control 
samples were obtained from Japanese subjects who had no known 
eye abnormalities except for cataracts. These subjects had 
lOPs below 21 mm Hg, had normal optic discs, and no family 
history of glaucoma* 
15 Datection of G/T polymorphism of endothelin {ET> gene by 
Xnva.der assay 

DNA was isolated from peripheral blood lymphocytes by 
standard methods of phenol-chloroform extraction, and G/T 
polymorphism (Lys/lys, Lys/Asn and A$n/Asn> at codon 198 in 
20 exon 5 of ET gene was determined by the Invader® assay. The 
primary probes (wild and mutant probes) and Invader® 
oligonucleotides (Invader® probe) used to detect the G/T 
polymorphism of. ET gene are shown in Table 9- 
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Table 9. 



change 




Probe 


sequence 


Tnv 


Dye 


£DH Ex5 GT G to T 


S&nsa 


WiX<i 
Kuiiant: 
Xnvader 


cgcgccgagcjfCTTOCCTTTCAGCTTGG 

acggacgcggagATTGCCTTTCAGCTTGG 

GTTGTGGGTCACATAACGCTCTCTGGAGGGr 


64.6 
64.0 
76.9 


FAH 
BED 


Invader® 


assay 


FRET- 


detection 96-well plates 


(Third 





Wave Technologies, Incr Madison, WI) contains the generic 
components of an Invader® assay (Cleavase® enzyme VIII, FRET 
probes/ MOPS buffer, and polyethylene glycol) dried in each 
of the individual wells. The detail method was described 

10 previously- In brief, 8. |il of the primary 

probe/ Invader** /mixture and total DNA (10 ng) samples were added 
to each well of a SG-well plate, and were denatured by 
incubation at 95** C for 10 min. After 15 ^xl of mineral oil (Sigma, 
St • Louis, MO) was overlaid on all reaction wells, the plate 

15 was incubated isothermally at 63^ C for 2 hours in a PTC-100 
thermal cycler (MJ Research, Waltham, MA) and then kept at 4"* 
C tmtil fluorescence measurements* The fluorescence 
intensities were measured on a CytoFlour 4000 fluorescence 
plate reader (Applied Bxosystems, Foster City# CA) with 

20 excitation at 485 nm/20 nm (wavelength/ bandwidth) and 
emission at 530 ma/25 irm for FfiM dye; excitation at 560 nm/20 
nm and emission at 620 nm/40 nm for Redmond RED (RED) dye. Each 
sample was tested in duplicate in the same plate and two 
fluorescence measurements were perfo3rmed in each plate. Thus, 

25 four measurements were obtained for each sample and they were 
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aver aged - 
Rasult:s 

The genotype frequencies of G/T polyraorpliism (Ly$/lys, 
Lys/Asn and Asn/Asn) at codon 198 in exon 5 of ET gene are 
5 presented, in V^le 10. 



Tai>le 10, The genotype frequency at oodon 198 in exon 5 of ET gene 







Genotype Frequency 




Genotype 


Frequency 




Group 


n 


X»ys/lys 


Lys/Asn 


Asn/Asn 


P 


Lys/lys 


I»ys/Asn 
+ 

Asn/Asn 


P 


ContJcoX 


213 


94 
(44.1%) 


93 
(43.7%) 


26 
(12.2%) 




94 
(44.1%) 


119 
(55.9%) 




NTG 


214 


120 
(56,1%) 


72 
(33.6%) 


22 
(10.3%) 


0.046 


120 
(56.1%) 


94 
(43.9%) 


0.014 


POAG 


178 


82 
(46.1%) 


77 
(43.3%) 


19 
(10.7%) 




82 
(46.1%) 


96 
(53.9%) 





These results indicated tliat Lys/Lys homozygote of ET-1 
15 gene at codon 198 in exon S is one of the risk factor to develop 
or progress the NTG^ and detection of the Lys/Lys homozygote 
makes possible the early diagnosis and early treatment of NTG. 

Example 5 NovieX hKOC (5ene Mutation^ Phe36dx.eur in Japanese 
20 Patien'ts with Primary Qpen-angle Gla-uooma Detected by 
Dena.turlng Hxgh-perfQrrnance Iiiqcuid Chromatiography 

Purpose: To screen for mutations in the MYOC gene in Japanese 
patients with primary open-angle glaucoma (FOAG) using 
25 denaturing high-performance liquid chromatography (DHPLC) - 
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Matzeirials and Me-bKods 

• s 

\ 

Blood samples were collected from 171 POAG patients and 
100 normal suJ^jects at seven Japanese medical institutions. 
The subjects were unrelated, and tlieir mean age at th.e time 
of examination was 55.1 ± 16.0 (i: standard deviation) years 
for the patients with POAG and 70.5 ± 10.6 year$ for the normal 
subjects. We purposely selected older control subjects to 
reduce the probability that a subset of them would develop 
glaucoma - 

A detailed family history was obtained by interviews 
in 55 POAG patients [32. 2%) • There were 91 men (53.2%) in the 
POAG patients, and 41 men (41.0%) in the normal sxlbjects. 
DNA. Extraction and PGR Conditions 

Genomic DNA was isolated from peripheral blood 
lymphocytes by standard methods- The seven exonic regions of 
the MYOC gene were amplified by polymerase chain reaction (PGR) 
using the primer sets listed in Table 11. For high-throughput 
analysis of the patients, samples from three patients were 
pooled- The PGR reaction was performed with a thermal cycler 
(iCycler; Bio Rad, Hercules/ CA) in a total volume of 25 |il. 
The PGR conditions were: denaturation at 95^ C for 9 min; 
followed by 35 cycles at 95* C for 1 min; 58** C for 30 sec (Table 
1) ; and 12^ C for 1 . 5 min; a final extension step was then carried 
out at 72** C for 7 min. For heteroduplex formation/ each PGR 
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product (25 p,l) was dene^tured at 95** C for 5 min and gradually 
cpoled to 25** C. 

For analyses of a few samples/ each of seven exonic 
regions was amplified simultaneously tiy PGR in a 96-well plate 
5 {96-well Multiplate, MLP-9601; MJ Research, Waltham^ MA) , 
Seven .wells were used for eacli patient. Primer sets were ' 
designed to be effective using a single annealing temperature 
of SB** C (Table 11} . 

10 Table XI. Prlmex: sequences, produclz size, &n<i PCU annealing and DHPLC 
analysis t:exnpera'buxes 



Exon 




PrifT)»r soqu^ttces 
(6' to 30 


Product 
QIZO (bp) 


PGR Tm 


OHPUC Tm 
(Xi) 


1A 


F 

R ' 


AGO ACA GOA GAG CTT TCC AQA GGA 
CTC CAG GTC TAA GCG TTG G 


302 


Sfi.O 


61.8 


16 


F 
R 


CAG GCC ATG TCA GTC ATC CA 
TCT CAT TTT CTT GCC TTA GTC 


ld8 


58.0 


61.2. 64.5 


1C 


F 
R 


GAA ACQ CAA ACC AGA GAG 
.ATA TOA OCT GCT GAA CTC AGA GTO 


255 


58.0 


61.0, 83.5 


2A 


F 
R 


OCT CAA CAT AGT CAA TOC TTG GGC 
ACA TGA ATA AAG ACQ ATG TGG GOA 


245 


58.0 


66-3. 59-3 


3A 


F 
R 


GAT TAT GGA TTA AGT GGT GOT TOG 
TGT CTC GGT ATT CAG OTO A J 


375 


58.0 


58.3. 81.3. 62.3 


3B 


F 
R 


CAT ACT GCC TAG GCC ACT GGA 
ATT GGC GAC TGA CTG CTT AC 


337 


58.0 


60.9. 61.4 


3C 


F 
R 


GAA TOT GGA ACT CGA ADA AA 
CTG AGO ATC TOO TTC TGC CAT 


333 


58-0 


59.7. 61.7 



20 Denatiuring HPIC Analv^sis 

For tiigh-ttxroughput analysisjr a 25 jiil volume of PGR 
products froTQ the three patients was automatically injected, 
into the chroma to graph for analysis using the WAVE® System for 
DHPLC analysis ( Trans genomiCf Omaha/ 3era) . The DHPI>C melting 
25 tenqperatures are listed in Table 1. E^or analysis of a small 
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number of samples/ following 96-well-plate PGR, tlie plate was 
next placed in a WAVk'' System programmed to automatically 
analyze each well at two to three melting temperatures. 
Approximately 3 hrs was sufficient time to analyze one 
individual' s sample . 

When abnormal chromatographic patterns were detected 
in the pooled samples by the high-throughput protocol, the 
sample was reanalyzed individually in the WAVE® System. The 
PGR product that showed the abnormal chromatographic pattern 
was then sequenced* 
Direct ONA SeqnJienaing 

■ For direct sequencing r PCR products were purified with 
a QIA Quick PGR. purification kit (Qiagen, Valencia, OA} to 
remove unused primers and precursors* The PGR products were 
directly sequenced with the same forward and reverse PGR 
amplification primers on an ABX310 automated sequencer using 
BigDye chemistry according to the manufacturer s recommended 
protocol (Applied Biosystems/ Foster City, CA) . 
Results 

Screening of Pools of DMA In 171 Faitients 

Four DHPIiG tracing patterns in the ExonSC region were 
shown in Figure 1- The upper most pattern (A) has a normal 
appearance, while the middle pattern (B) showed a broad 
shoulder, and the lower patterns (C andD) had a characteristic 
double peak pattern indicative of sequence variations in this 
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region- Sequencing analysis of samples B, C/ and D revealed 
Thr448Pro^ Pro481Ser, and Ala488Ala mutations {Tal>le 12) . 

Four glaucoma- causing mutations were identified in 5 
(2,9%) of 171 patients with POAG- In addition, eight 
polymorphisms and five synonymous codon changes were 
identified (Table 12) . One novel missense mutation, Phe369Leu 
detected in exon 3 (Figure 2) was not present in 100 normal 
Japanese subjects. The three other missense mutations^ 
Ile360Asn, Ala363Thrr and Thr448Pro have been reported in 
Japanese patients with POAG- 



Tahl« 12. MYOC xmit^aHlons aaad polymorphlsixis in patients with POAG and 
contirols 





Exon 


Sequ^ce 


Amino acid 


Frequency 






change 


change 


patients 


eontrols 


Mutations 


3 


c.1079T>A 


tta360A$n 


1/171 


0/100 




3 


c.1087G>A 


Ala363Thr 


2/171 


0/100 




3 


c.1105T>C 


Pha369Leu* 


1/171 


0/100 




3 


cJ342A>G 


Thr448Pro 


1/171 


0/100 


Polymorphisms 




c.34G>C 


Glyl2Arg 


1/171 


2/100 






c.57G>T 


Gln19Hi$ 


1/171 


1/100 






c,136C>T 


Arg46Stap 


1/171 


1/10O 






c^lOOT 


Val70Var 


2/171 


0/100 






c-227G>A 


Arg76Lys 


14/171 


9/100 






C.3690T 


Thr123Thr 


1/171 


0/100 






o,473G>A 


Arg158GIn 


t/171 


1/100 




2 


cSnOT 


Thr204Met 


0/171 


1/100 




2 


C.6240G 


A$p208Glu 


6/171 


2/100 




3 


C.8B40T 


ne288lle 


1/171 


0/100 




3 


c.l110G>A 


Pro370Pro 


0/171 


1/100 




3 


0.14410T 


Pro4aiSer 


1/171 


0/100 




3 


C.14640T 


Ata488Ala 


3/171 


1/100 



* Novel myocilin mutatiort; ^ novel myooHIn polymorphism. 
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Soi^eenlng of Indlividual Patients by Plate PCit followed by DHP1.C 
A DHPLC tracing from a patient with POAG- is shovm in 
Figfure 3^ In the exonSB region, an abnormal tracing indicative 
of sequence variation can be seen, which proved to represent 
a Phe369Leu mutation on direct seqiaencing. 

Exan^le 6 Variants in Optineurin Gene and their Association 
with Tumor Necrosis Factor-a Polymorphisms in Japanese 
Patients with Glaucoma 

Purpose: To investigate sequence variations in the optineurin 
<OPTN) gene and their association with TNF-a polymorphism in 
Japanese patients with glaucoma • 
SUBJECTS AND METHODS 
Patients :and Control Subjeots 

A total of 629 blood samples were collected at seven 
institutions in Japan. There were 194 POAG patients, 217 NTG 
patients/ and 218 normal controls, and none of the subjects 
was related to others in this study. 
DNA. Extraction and PCR Conditions 

Genomic DMA was isolated from peripheral blood 
lymphocytes by phenol--chloroform extraction- The 13 exonic 
coding regions of the OPTN gene were amplified by polymerase 
chain reaction (PCR) using the primer sets listed in !!>abl6. 13- 
A 20-base GC-clamp was attached to some of the forward primers 
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to detect mutations in the higher malting teiaperature domain 
by DHPIiC analysis- Xn high-throughput analysis, samples from 
three patients were pooled, PGR was performed with a thermal 
cycler (icycler, Bio-Rad; Hercules ^ CA) in a total volume of 
5 20 jJil containing; 45 ng of genomic DNA, 2 fxl GeneAmp lOx PGR 
buffer II/ 2 |xl of GeneAmp dNTP mix with a 2.0 iriM concentration 
of each dNTP, 2 - 4 (Lil of a 25 3PcM MgCl2 solution; 4 pmol of each 
primer, and 0,1 U of AmpliTaq Gold DNA polymerase (implied 
Biosystems, Foster City^^ CA) • PGR conditions were; 
10 denaturation at 95*» C for 9 min, followed toy 35 cycles at 9S*» 
C for 1 minr 55* to 60° C for 30 sec {Table 13)/ and 72** C for 
1 min and 30 sec, and a final extension step at 72** C for 7 
min- 
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Table 13. PxJLznec sequences^ fCR product sizes, and PGR annealing and DHPLC 
analyses tzemperat-ures 







Primer Sequences 
CHIOS') 


PCRpfodxjot 


PGR 
Tin rc> 


DHPLC 


4 


F 

JK. 


CCAGTCGOTTTGTCK5CACXCC 


317 


60 


61.7 


5 


F 

xC 


GTCX^ACTTTCCrGGTGTGTpACT 


277 


55 


58.7 


6 


F 

IC 


AGCCTTAGTrTGATCrGTTCATTCA 
vyl I 1(JAXL;i. i iCX^ACJOu\jAOvjCX 


293 


60 


57.0, 62.5 


7 


F 

K. 


GC-Glaicp AATCXX^TTGCATTTCTOTTTTTT 

Ct 1 0^ ACAAOC ACCCAGIXSACXjA 


ISS 


55 


59^61.4.62.4 


8 


F 

K. 


GC-clamp GGTTACTCrrCTTCTTAGTCTTTGGA 
CKKri GAACTGTATGGTATCTTAATT 


320 


57 


54,6. 58.5 


9 


F 


GC^lanqp GCTATTTCTCTTAAAGCCAAAGAGA 

L« A^ 1 uliO 1 OOAkJi Avr IXJl CO r 


242 


55 


57.4.59.4 


10 


F 
R 


GC^lamp GTCAGATGATAATTGTACAGATAT 
AATGTATATTTCAAAGGAGGATAAA 


227 


55 


57.8,59.8 


11 


F 
R 


CCACTGCXJACGTAAAGGAGCA 

caaatcx:gaattccaatctgtataa 


286 


60 


57.5.59.5 


12 


F 

R 


GOolamp GOTrGGGAGGCAAQACTAT AAGTT 

ttgtgttcattactaggctatggaa 


233 


60 


55.5, 56.5 


13 


F 
R 


caggcagaattatttcaaaaccat 
cgaqaatacagtcagggctgg 


264 


60 


58.9.61.9 


14 


F 
R 


ggccatgctgatgtgagctct 


260 


60 


56.7, 59.7 


15 


F 
R 


GC-otei4> ggactgtctgctcagtgttgtca 
ggtgccttgatttggaatcca 


282 


60 


56.0.59.0,61.0 


16 


F 
R 


GC^Uiop c acaactgcxttgcaaaatggaact 
gaggcaaaatatttgagtgaaaaca 


294 


60 


61.7 



QC-o]mnp : CXKXJCGCCGCXJGCOCGCOGC 



Denaturing HPLC Analysis 

DHPIiC analysis was performed using -the WAVE** SYSTEMS 
(Transgenomlc,- Omaha, NE) . For heteroduplex fonaation^ 
products of each PGR (20 pil) were denatured at 95** C for 5 min 
and gradually cooled to 25° The annealed PGR products from 
the three mixed samples were automatically Injected into a 
DNASep® cartridge (Transgenomic, Omaha, NE) . 
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Buffer A (Transgenomic, Omaha, NE) was made up of 0.1 
M triethylanuaonium acetate (TEAA) , and Buffer B of 0-1 M TEAA 
and 25% acetonitrile - Analysis was carried out at a flow rate 
of 0.9 lul/ialn and the Buffer B gradient increased by 2%/min 
for 4-5 min. Elution of DNA fragments from the cartridge was 
detected by absorbance at 260 nm. The temperatures used for 
the analysis were selected according to the sequences of the 
DNA fragments. The WAVEMAKER software (v. 4,1, Transgenomic/ 
Qmaha^ NE) predicted the melting behavior of the DNA fragments 
at various temperatures • The predicted melting domains within 
the DNA fragment determined the temperatures for the DHPLC 
analysis (Table 13) . When abnormal chromatographic patterns 
were detected in a pool of three samples, each of the three 
samples was re-analyzed individually in the WAVE® SYSTEM • Then, 
the PGR product that showed an abnormal chromatographic 
pattern was sequenced. 
Direct DNA Sec^uencing 

To detect mutations by direct sequencing, the PGR 
products were first purified with the QIAquick PCR 
Purification Kit (QIAGEN, Valenica, CA, USA) to remove 
unreacted primers and precursors- The sequencing reactions 
were then performed using the ABI PRISM BigDye Terminator 
(v-3.1) Gycle Sequencing Kit, according to the manufacturer's 
protocol (Applied Biosystems) . The data were collected by the 
ABI PRISM 310 Genetic Analyzer and analyzed by the ABI PRISM 
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sequencing analysis program (v. 3. 7). 

Genotryplng OPTN c.412G>A (Tlir34Thr) Polymorphism 

The G to A substitution at position c.412 in exon 4 of 
the OPTN gene was detected by using restriction enzyme/ 
HpyCHtflV (New England BioLabs, Beverly^ 3X[A) , with the same 
primers listed in Table 13 for the DHPLC analysis • The G allele 
sequence was cut into two fragment© (188 bp + 129 bp) by JTpyCH^IV, 
while the A allele sequence remained intact (317 bp) . 
Geno typing OPTN c*603T>A (Met9aXiys) Polymorphism 
The T to A substitution at position c- 603 in exon 5 of the OPTN 
gene was detected by restriction enzyme, SHu I (TaKaKa/ Shiga/ 
Japan) , using the same primers as for the DHPLC analysis (Table 
1) . The A allele secjuence was cut into two . f ragments (175 bp 
+ 102 bp) by Stv 1, while the T allele sequence remained intact 
(277 bp) - The polymorphism was confirmed by restriction-enzyme 
assay and the chromatographic pattern of DHPLC* 
Genotyping OPTN c.ld44G>A (Ax:g54SGln) Polymoirphism 

The G to A substitution at position c.1944 in exon 16 
of the OPTN gene was analyzed by the Invader assay provided 
by the Research Department of R&D Center, BML (Saitama/ Japan) . 
The polymorphism was confirmed by Invader® assay and by the 
chromatographic pattern of DHPLC. 
Genotyping TNF-a --308OA Polymorphism 

Genotyping the ~308G>A polymorphism in the TMF-ar 
promoter region was performed by using restriction enzyme NcoJ, 
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(New Englaxicl BioLabs, Beverly/ MA) |. with the forward primer, 
5'-AGGCAATAGGTTTTGAGGGCCA.T--3*' , and the reverse primer, 
5'-GTAGTGGGCCCTGCACCTTCT -3''* The forward primer contained 
one nucleotide mismatch (bold and underlined) , which allowed 

5 the use of the restriction enzyme. The G allele sequence was 
cut into two fragments (192 bp +20 bp) by JNcoI while the A allele 
sequence remained intact (212 bp) • 
Geno typing TNF-a -8570T PoXymorphxsm 

Genotyping the -8570T polymorphism in the TNP-a 

10 promoter region was performed by using restriction enzyme 
Hindi (TaKaRa/ Shiga, Japan) , with the forward primer^ 
5' -AAGTCGAGTATGGGGACCCCCCGTTAA-3' , and the reverse primer^ 
5''~CCCCAGTGTGTGGCC:ATATCTTCTT-3' . The forward primer 
contained one nucleotide mismatch (bold and underlined) / which 

15 allowed the use of the restriction enaiyme. The C allele sequence 
was cut into two fragments (106 bp +25 bp) by IfincII^ while 
the T allele secjuence remained intact (131 bp) - 
. Transcriptional activity of the -857T allele was significantly 
greater than that of -857C allele « 

20 Genotyping TNF-a -SSSOA Polyinoa^pKism 

Genotyping the -8630A polymorphism in the TNF-a 
promoter region was done by using restriction enzyme EcoNX (New 
England Bioliabs, Beverly, MA) with the forward primer, 
S'-GCTGAGAAGATGT^GGAAAAGTC-S' , and the reverse primer, 

25 5'^-CCTCTACATGGCCCTGTCCT-3' . The reverse primer contained one 
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nucleotide misiaatcli (bold and underlined) , which allowed the 
use of the restriction enzyme- The C allele sequence was cut 
into two fragments (183 bp +23 bp) by EcaNT, while the A allele 
sequence remained intact (206 bp) • Transcriptional activity 
5 of the -8 63A allele was significantly greater than that of ~8 63C 
alletle. 

S.ta-bistieal Analyses 

The frequencies of the genotypes and alleles inpatients 

and controls were compared with the chi-square test and 
10 Fishery's exact test. The odds ratio and 95% confidence 

intervals (CI) also were calculated- The Hardy-VJeinberg 

eqiailibrium for the observed frequencies was also calculated. 

The clinical features were analyzed for differences associated 

with the genotypes using unpaired t test. Statistical analysis 
15 was performed with StatMate III (ATMS, Tokyo, Japan) . Ap value 

of <0.05 was considered to be significants 

RESUX4TS 

OPTN Variants in iTapauiese Subijects 

A total of 629 Japanese subjects were studied/ and the 
20 results are presented in Table 14 • 



25 
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TabXe 14- OPTO vsrlant:s observed in glaucoma patients and control siibf^ects 



Sequence Ccxion. Frequency in Subjects (%) 



5 



Location 


Changes 


Changes 


POAG 


mo 


Control 


Exon4 


0.386CK5 


His26Asp 


1/201(0.5) 


0 / 232(0) 


0/218(0) 


Exoii4 


c.449-45ldelCTC 


Leu47del 


0/201 (0) 


0/232(0) 


1/218(0.5) 


Gxon 5 . 


c.603iT>A 


Met98Lys 


33/201 (16.4) 


50 /232(21.6) 


36/218 (16 J) 


Exon 16 


C.19440A 


Arg545Gln 


14/192(7.3) 


15/222(6.8) 


11/214(5.1) 


Gxon 4 


c.412G>A 


Thr34Tlir 


69/201(34.3) 


74/232(31,9) 52/218(23.9) 


Gxon 4 


c.421G>A 


Pro37Pro 


0/201 (0) 


1/232(0.4) 


0/218(0) 


Exon 4 


C.4570T 


Thr49Thr 


2/201 (1) 


0/232(0) 


0/218 (0) 


Exon 16 


C.2023OT 


His57lHis 


0/162(0) 


0/193(0) 


2/196(1.0) 


Intron 4 


C.476+150A 




0/201(0) 


0/232(0) 


1/218(0.5) 


Intion 6 


c.863-10G>A * 




N/Ct 


N/C 


N/C 


Itxtton 6 






N/C 


N/C 


N/C 


Idtcon S 


C.1089+20OA 




4/133(3.0) 


11/172(6.4) 


4/126(3.2) 


Intron 9 


0.1192+190T 




0/133(0) 


4 / 172 (23) 


3 / 130 (2.3) 


Intion 11 


C-145S+280C 




1/133(0.8) 


4/172(2.3) 


0/157(0) 


IhtFon 15 


c.l922+10G>A 




2 / 133 (1.5) 


4/172(2.3) 


I / 157 (0.6) 


Intron 15 


c.l922+12G>C 




0/133(0) 


1 / 172 (0.6) 


0/157(0) 


Intron 15 


c.i923-480A ♦ 




WC 


N/C 


N/C 



* Sequence vaxiadon was found by diiect sequencing analysis, 
t Not checked 



15 Seventeen sequence changes were identified in the 

glaucoma patients and control subjects. Among these^ three 
were missense changes ^ one was a deletion of one amino acid 
residue, four were synonymous" codon changes, and. nine were 
changes in noncoding sequences. One possible disease 

20 causing-mutation, His26Asp/ was identified in one POAG proband 
and was not present in the 218 normal Japanese controls. Her 
brother aged 55 harbored the mutation and was diagnosed as NTG . 
Her brother' s daughter aged 23 also had the mutation and showed 
cupping of the optic nerve head with a cup/disk ratio of 0.7 

25 with no sign of visual field defect by Hun^hrey perimetry . 
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A deletion of Lgu47 (3-bp deletion, CTC) was found in 
1 control. A Met981iys was identified in 33 POAG patients, 48 
NTG patients, and 3 6 controls, and an 3\rg545Gln was identified 
in 11 POAG patients, 15 NTG patients, and 11 controls. 

Four synonymous nucleotide substitutions, c.4l2G>A 
(Thr34Thnr), c.421G>A {Pro37Pro) , c,457C>T (Tlir49Thr) ^ and 
C.2023OT (His571His) were found- The Tlxr34Thr substitution 
was present in 69 (35.6%) POAG patients, 69 (31.8%) NXG patients, 
and 52 (23,9%) controls, and the Pro37Pro was found in 1 NTG 
patient. The Thr49Thr was identified in 1 POAG patient, and 
the His571His was present in 2 controls- 
Distribution of OPTO Variants in Japanese Subjects 

The Thr34Thr (c.412G>A) polymorphism was significantly 
associated, with POAG and NTG (Table IS) • A significant 
association was found in patients with POAG (F =0.009 in 
genotype frequency: G/G vs G/A+A/A, and P - 0,003 in allele 
frec[uency) - No significant difference was detected between 
glaucoma patients and controls in either genotype or allele 
frequency for the Met98Iiys {c.603T>A) or the Arg545Gln 
(c-1944G>A) polymorphisms. However, the Met98Lys polymorphism 
had a higher tendency to be associated with NTG than with POAG. 
The observed genotype frequencies were in agreement with those 
predicted by the Hardy-Weinberg equilibrium. 
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Table 15. Genotype distribution an<4 allele frequency of optlneurin gene polyznorphlsxas 

in glaucoma patients and controls 

c>412(5>A (ThrS4Ttirl 

Genotype frequency VK) G enotvfpa froquoncv <%> Ge notvoa fireouancv (%) Allele frequct>cv _ 

Phenottfpo GtO G/A A/A Pvatwy G«S G/A^-A/A Pvaluo* GASKVA A/A Pvatuet G A Pvnloe* 

POAG 194 t2SCS4.4> &1(31.4» 8(4.1) aOII * 125(64.4) 69 (3S^ 0.00d § 168 (95.8) 8(4.1) 0.0S1 311(30^77(19^ 0.003S 

MTG 217 148(e8.2)02(28.q> 7QJ2^ OSm 148(^:2) 69(3(1^ OJ364 210(96.^ 7CW0 0.105 358(82^78(17.^ 0.034t 

S Control 218 168(79.1)50^.^ 2(1.0) 188(78.1) 52(23.0) 218(89X0 2(1.0) 3d2^^54(12>9 

cfiOaT>A (McOgLvjrt — 

Gf>nob/u^ ftegtlariCV GgfK>tVPe frequen cy (%) GanotVP^ fr»quOft Cy (%) AHeta frequency (%) 
Ph^typo n rn T/A A/A Pvahie- T/T T/A^A/A P value* TH-^^T/A A/A PvalUet T A P value- 

PO/VC 184 161 (83.0)32 (ISJ^ 1 (p-^ 0.950 181(33.0) 33(17.0} O.S93 193(39JS) 1 (DJS) 1 354(91.^34^.8) 0.888 

NTG 217 109(77.9)43(19.8) 5(2^0 0.133 189 (77j9!) 48(22.1) 0.139 212(97.?) 5 (2^> 0.122 381 (87.8) S3 (12JS) 0.071 

€3on<rot 218 182 (83S) 35 (16.0) 1(0.8) 182(^3^ 38(16:5) 217(99^ 1(0;^ 3S9(31.5) 37(3^ 

* P valud far je2 tost 
.1 ^ t P value for FishAi'SttQCttASt 

p<0.05 

S p<aoi 

Three clinical cliaracteristics of the glaucoma patients, 
viz . / age at diagnosis, lOP at diagnosis/ and visual field score 
at diagnosis'/ were examined for association with c-412G>A 

IS (Thr34Thr) or c,603T>A {Met98Lys) polymorphisms {Table 16), 
The glaucoma patients did not show an association with the 
clinical characteristics with the c. 4 12G>A polymorphism. POAG 
patients with the G/A+A/A genotype (or 412A carriers) tended 
to have more advanced visual field scores than those with the 

20 G/G genotype (or non-4l2A carriers; F - 0.093) . POAG patients 
with the 603T>A polymorphism showed a weak association with 
age at diagnosis (-P = 0.046) . 
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Table16 Comparison of clinical characteristcs of glaucoma patients according 
to OPTN genotypes 





c.412G>A fThrWThr) 
















Phenotype Variable 


G/O 






G/A+A/A 


P value* 




POAG 


Age at diagnosis (ys) 
lOP at diagnosis (mm Hg) 
Visual fieW score at diagnosis 


58.1 ±11.3 
27.0 ±6,5 
3.0 ±0.9 


(n = 
(nsr 

(n- 


123) 
112) 
125) 


58.8 ±12.6 (n = 69) 
26.1 ± 5.0 (n = 60) 
3.2 ±0.9 (n==69) 


0.663 
0.360 
0.093 


5 


NTG 


Age at cfiagnosls (ys) 
lOP at diagnosis (mm Hg)' 
Visual field score at diagnosis 


58.7 ±11.7 
16.4 ±2.6 • 
2.8 ± 0.7 


(n = 

(n = 
(n = 


148) 

139) 
148) 


56.6 ±11.2 (n = 69) 

16.6 ±2.2 (n = 67) 
2.7 ± 0.7 (n = 69) 


0.206 
0.848 
0.135 




c.6Q3T>A (Met98Lvs) 
















Phenotype Variable 


rn 






T/A+A/A 


P value* 




POAG 


Age at diagnosis (ys) 
lOP at diagnosis (mm Hg) 
\r\sua\ f ietd score at diagnosis 


57.6 ±11.9 
26.8 ± 5.8 
3.1 ± 0.9 


(n = 
(n = 
(n = 


159) 
143) 
161) 


62-2 ± 12.4 (n = 33) 
26.5 ± 7-1 (n ^ 29) 
3.2 ±0.9 (n=5 33) 


0,046t 

0,931 

0.280 


10 


NTG 


Age at cfiagriosis (ys) 
top at diagnosis (mm Hg) 
Visual teid score at diagnosis 


58.4 ±11,6 
16.4 ±2.4 
2.8*0.7 


(n = 
(h = 
(n = 


169) 
160) 
169) 


56.6*11.6 (n=48) 
16.8*2.6 (r> = 46) 
2.8 ±0.6 (n = 48) 


0.304 
0.27O 
0.318 



P values for Manr^-Whrtney U test 
P<0.05 



Assoclat:±on Isetiireen OPTN Polymo3cpb.±sm and T]NF-a PolYmoirptiism 
±n GXaucoxna Pa'ti.ent;s 

15 No significant difference in genotype or allele 

frequency was noted between patients and controls for the three 
polymorphisms of the -308G>A, -8570T or -8630A. In addition/ 
the glaucoma patients did not show an associat:ion with the 
clinical characteristics for the three polymorphisms (data not 

20 shown) - The observed genotype frequencies were in agreement 
with those predicted by the Hardy-Weinberg equilibrium. 

However, among individuals with the C/T+T/T genotype (or 
-857T carriers) in the TNF-a gene, 44 . 1 % of POAG patients were 
G/A+A/A genotypes (or 412A carriears) in the OPTN gene compared 

25 to 21.6 % of controls (Table 17) / This difference in frequency 
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was significant (P = 0,006). JUftong individuals witli the 
C/A+A/A genotype (or -863A carriers) in the TNF-a gene^ 603A 
carriers (or LysSS carriers) in the OPTN gene were 
significantly associated with POAG as well as NTG IP = 0*008 
5 and 0*027, respectively) . 



Taisle 1 7 Oi!itribiftion of optlneuiln genotypes <c.41 20>A and c603T>A) according to TNF- or 
(-8570T and -8630A> 

c.412G>A {Thr34ThTl 



Phendype -857C>T 



c.412G>A G/G 



Odds ratio 
95%Ct 



GA3 G/A » A/AP VatUft* 



genotypes 



0^9 raUo 
95% CI 



POAG 
NTG 
Control 



92 ) 43 (31 .9) 0.204 
d7 (SS.S) 51 {a4^ 0.077 
106 (75.0) 36 (2S.O) 



1.40 
(0.S3-Z37) 
1,58 

(P^5-a,e2) 



33(55.9} 26(44.1) 0.006t 
51 (73^) 18(26.1) 0.531 
58(76,4) 16(21.6) 



2.86 
(134^.06) 

1.Z8 
(0.59-2.77) 



Phenotype >363c>a 



c.412G>A G/G 



C/C (%) 



G/A a/a P value* 



Odde ratio 

95%Cj 



<yA-»A/A(%3 
G/G G/A A/AP vahie* 



Odcts ratio 
95% CI 



POAG 


91 CS4.5) 


50(3S.5) 


0.017 


1.84 


34(64.2) 


19 (35.8) 


0.280 


1.S6 








(1.11-3,05) 








(0.69-3^) 


NTG 


110(89.2) 


49(90.8) 


0.114 


1.49 


38(j55.5) 


20 (34.5) 


0.341 


1.47 






(0.91-2.40) 








(0.66^.28) 


ConlTQl 


124<77,0) 


37(23.0) 






42(73.7) 


15(26.3) 






e.60aT>A (Met98Lvs) 


Rienotype 


-857C=-T C/C (%) 




o<td& ratio 


cn-+TAr(%> 




Odcte ratio 


c.603i>A rrr 


T/A*A/A 


P value* 


95% CI 


T/T 


T/A + A/AP vafcj^* 


95% CI 


POAG 


112(83.0) 


23(17.0) 


0.811 


1.08 


49(83.1) 


10(16.$) 


o.d2S 


0.96 






(0.57-2-03) 








(0.39-2.37) 


NTG 


111 (75.0) 


37(25.0) 


0.056 


1.75 


58(84.1) 


11 (15.9) 


0.795 


o.8d 








(0.98-3.13) 






(0.37-2.14) 


Control 


121 (84.0) 


23 (16.0) 






61 (82.4) 


13(17.6) 







Phenotype -sosoA 



o,603T>A T/T 



C/C(%1 



T/A^A/A P value* 



Odds ratio 
95% CI 



C/A-fA/A (%)_ 



T/T 



T/A+ A/AP value* 



Odds ratio 
95% CI 



POAG 
NTG 

(^ntrol 



123(87.2) 18(12^) 0.127 
125 (78.6) 34 (21 .4) 0.636 
130^0,7) 31(19.3) 



0.61 
(0.33-1.15) 

1,14 
(0.66-1.97) 



38(71.7) 15^.3) 0.0084: 
44(75.9) 14(24.1) 0.027t 
52(91.2) 508.8) 



4.11 

(1.37-12.27) 

3 31 
(1.10-9.91) 



• P vaKieG tor A' 2 tost 
t P<0,OS 
t P<0.01 



The clinical characteristics of these corobined 
genotypes/ such as age at diagnosis/ lOP at diagnosis, and 
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visual field score at diagnosis are shovm in Table 18* The 
POAG patients wlio were TNF-a/-857T and optitieurin/412A 
carriers had significantly worse (P = 0.020) visual field 
scores than those who were TNF-a/-857T and non- 
optineurin/412A carriers. However, there was no significant 
difference in the three clinical features of POAG patients 
among the four genotypes of combined -857T>A and c.412G>A 
polymorphisms (Table 6) by one-way ANOVA: P = 0.823 for age 
at diagnosis; P = 0.692 for lOP at diagnosis; and P = 0,152 
for visual field score at diagnosis. 

POAG patients who were TNF-a/-863A and optineurin/603A 
carriers had significantly worse (P 0.026) visual field 
scores than those who were* TNF-a/T-863A and non- 
optineurin/603A carriers. However, there was no significant 
difference in the visual field score of POAG patients among 
the four genotypes of combined --863 C >A and -603 T >A 
polymorphisms (Table 6, one-way ANOVA: P =0.200). 
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Table 18 Comparison of clfnical chaiacteristics of glaucoma patients according to 

TNF- a genotypes {-857T and -SS3A) and optineurin genotypes (41 2A and 603A ) 





V 1 1 nrM 1 nn 

(TNF-a genotypes) 


C/T+T/T (-857T carrier) 








iOPTN qenotypes) 


G/G 


G/A+A/A 




P value* 


POAO 


Age at diagno3l$-(y9} 
iOP at diagnosis (mm Hg) 
Visual field score 


57.1 ± 10.7 (n = 32) 
26.4 ±6.1 (n = 30) 
2.9:!: 0.9 {n = 33) 


57.6 ±13.1 (n = 
26.4 ±5.5 {n = 
3.3 ±0.8 (n = 


26) 
20) 
26) 


0.802 
0.786 
0.020t 


NTG 


Age at diagnosis (ys) 
lOP at diagnosis (mm Hg) 
Visual field score 


68.4*11.1 (n = 51) 
16.4 ±2.6 (n = 46) 
2.8 ±0.8 {n = 51) 


59.3 ± 10.5 {n = 
16.1 ±2.3 (n = 
2.6±0.6 {n = 


18) 
17) 
18) 


0.790 
0.520 
0.335 


c.603T>A rMet9SLvs^ 




(TNF-a genotypes) 


c/A+A/A C-B63A earner) 








iOPTN flenotypes) 


T/T 


T/A+A/A 




p value* 


POAG 


Age at diagnosis (ys) 
IOP at diagnosis (mm Hg) 
Visual field score 


66.3±10.B(n = 38) 
27,9 ±6.6 (n = 36) 
3.0 ±0.8 (n = 38) 


62.0 ± 13.8 {n = 
26.9 ±8.7 (n = 
3.S±0.9 (n = 


15) 
14) 
15) 


0.074 
0.488 
0.026t 


NTG 


Age at diagnosis (ys) 
lOP at diagnosis (mm Hg) 


57.9 ±11.4 (n = 44) 
16.2 ±2,4 (n = 40) 


56.9 ±11.9 (n = 
16.9 ±2.4 (n = 


14) 
14) 


0.579 
0.364 




Visual field score 


2.9 ±0.5 (n = 44) 


2.7 ±0.6 (n = 


14) 


0.296 



p values for Mann-Whitney U test 
t P<o.05 



Exaxc^lo 7 * CorJceXation l>et=ween Gone PolymoxTplnism of 
an^lobensxn II type 2 receptor and tlie IOP reducing effect of 
angxotienstxn. II receptior blocker 

Metliods 
Patients 

xSgfei*:Jil^i#4eEi--5^M"efeSr>'^^v">'V>'ll^^#:2 (AT2) 
2 4^Pp'J^(D8BJEc9it^Sr^^Ufco 
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REstn:-Ts 

mm^-^m i a^b 24 ^m^(omm<omm^'^\f^x. Table - 19 i^^rto 



Table 19. 











Base Una 
























0 


-2 


-1 


-3 


-2 




-1 


-1 




A 








0 


^2 


-2 


o 


0 


-1 


1 


1 




A 






1 


0 


X 


X 


o 


0 


-2 


-2 


0 




A 






o 


0 


0 


-2 


1 


0 


0 


-1 


c 










o 


-1 


-3 


-^S 


"Z 


-3 


-3 


-3 


c 










0 


0 


-3 


-2 


-4 


-3 


0 


o 








CA 




0 


~1 


-1 


-4 


-3 


-4 


-3 


1 


c 








n 


0 


-2 


-4 


~4 


-4 


-4 


-5 


-2 


c 










0 


-2 


-3 


-3 


-2 


-2 


1 


2 






cc 






0 


-2 


-3 


-2 


-5 


-3 


-3 


0 


c 










0 


-4 


-6 


-6 


-6 


-6 


-4 


~5 








CA 




0 


-4 


-5 


-6 


-5 


-5 




-7 


c 










0 


-4 


-6 


-6 


-B 


-S 


-5 


-4 








CA 




0 


-2 


-3 


-6 


-5 


-6 


-3 


-3 


c 










0 


-2 


-4 


-4 


-G 


-3 


-4 


-5 








CA 


Ml 


0 


-4 


-8 




-7 


-6 


-6 


-2 






cc 




o 


-4 


-4 


-s 


•3 


-S 


-4 


-3 


c 










o 


-1 


-4 


-6 


-3 


-6 


"4 


0 






cc 






0 


-2 


-4 


-7 


-S 


-7 


-6 


-3 






cc 






0 


-2 


-7 


-G 


-4 


-6 


-6 


-1 


c 










0 


-6 


-e 


-8 


-12 


-12 


-12 


-12 




A 









15 



ZZ: PftST^^Hi-^ 

zzzj aaBEnFi^lR+*« 



4«4»3«f*A 
3.1 y ^fAC^tdtAiCG 
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AT2 m'm'f-(Ommm-^ 3123 a ^^-omi^ii^T:>^^:!ir^>''^^ n ^^f*: 



Exan^ld 8 . CorareJLation betiween Gene Volyioioxj^tSTat. of endothelin 
25 and glaucoma 
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MetihodLs 
Kesultis 

1) oc^^K-feD >'<?3^^>'>' 1 05 A138insert:ion/deletion(A138I/D) # 
Mf±s POAG :}3J;T^ NTG i:%ICi|3^3&5^*?>e>iLfc (Table 20)o 

2) ai>'K^y >'^^ft: A cd:;^ci^— M*^<o-23iA>G ^myt^ ntgCRFI- 
ftlaBBEEiSS isininHge^T) til3^d«^,it)btufc (Table 2l)o 

10 3) JivK-ty ACD:=c.^yi^ 6 (Cfc^.His323His<CAC TO CAT) 

^oV^X OT NTG (#lc^;tiBlffi:65 iSainHg ^T) feHfc 

(Table 22) „ 

4) K-fe P ^'Sl^fls: B <Orcd(f-y 4 Irii^S I,eu277l.eu iC^SV-Cs G>A ^ 

^ri; PQ25>G*5j;tJ«NTG <bt>(-liiffi:65^«&e>3T'^ (Table 23)„ 

15 

1) 3ivK-tyi^<Z> K198N (Lysl98Asn) NTG i: PliS/SS^fe b^fc 
(Table 24)0 

2) rti^K-terp i^<Z3>''ci*'-^— ^i^CD-1370^:>G ^^f*^ NTG i:i|jgdS|S*?> 
20 b^l/lfc: (Table 25) „ 

3) 31 >' Ki? y V^^f!^ A CO 3 • non-coding region W+70OG (stop codon 
A*e>70#e) #Mfi. POAG i:||jS*5^i?>btl.fc (Table 26), 

4) 3i>-K-fey ^-^^i*: A <0 3' non-coding region 0+122201 (stop 
codon ;6*e> 1227 liB) ^SL**. NTG (flSJE:d5 16inniHg-21ininHg) 

25 ^^btl'fe (Table 27)» 

51 



Copy provided by USPTO from the IFW Image Database on 03/10/2005 



Table 20. Erxdothelin A138I/D (Male) 





N 


Genotype 

Frequency 


P 


Genotype 

Frequency 


P 


Genotype 

Fjcequcncy 


P 


m 


m> 




m 




m+uo 




Coxxtcol 


100 


4 


34 


62 




4 


96 




38 


62 




POAG 


100 


3 


21 


76 




3 


97 








^^^^ 


NTG 


119 


1 


2S 


90 




1 


118 











Table 21. Endothelin Receptor A -231A>G (Male) 





N 


Genotype 

Frequency 


P 


Genome 
Frequency 


P 


Genotype 
Fzequency 


X*test 
P 


AA 


AG 


GG 


AA 


AG+GG 




AA+AG 


GG 




100 


22 


45 


33 




22 


78 




67 


33 




POAG 


100 


24 


51 


25 




24 


76 




75 


25 




KTG 


119^ 


30 


60 


29 




30 


89 




90 


29 




H-D^rrG 


89 


17 


45 


27 




17 


72 




62 


27 




Lr-NTG 

























5 H-NTG: NTG patients with, intraocular pressure at 16 
ininHg-21noiiHg. 

L-NTG: NTG patients with maximal intraocular pressure at 
ISimnHg or less. 
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Table 22 . Endothelin Receptor A H323H OT His323His (Male) 





n 


Graotype 
Ftcqucflcy 


P 


Genotype 
Ficqufincy 


, P 


Genotype 
FreqQcncy 


X^test 






CO 


CX 


TT 




CC 


CT-nrr 




CC+CT 


TT 


P 


Conlxol 


100 


9 


40 


51 




9 


91 




49 


51 




K>AG 


100 


7 


3S 


55 




7 


93 




45 


55 




NTG 


119 


11 


50 


58 




11 


lOS 




61 


58 




H-NTG 


89 


7 


32 


50 




7 


82 




39 


.50 




L-NTG 


25 


4 


14 


7 




4 


21 











H-NTG: NTG patients witb. intraocular pressure at 16 
inmHg-21icanHg . 

L-NTG; MTG patients with maximal intraocular pressure at 
iSmmHg or less. 



Table 23. Endothelin Receptor B Ii277L G>A I.eu277Leu (Male) 







Geiootype 




Genotype 




Genotype 






n 


Frequency 


P 


Frequency 


P 


Frequency 








GG 


GA 


AA 




GG 


GA+AA 




GG+GA 


AA 


p 


Comrol 


100 


18 


41 


41 




1$ 


S2 




59 


41 




POAG 


100 


26 


48 


26 




26 


74 










NTTO 


119 


26 


61 


32 




26 


93 











S3 
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Table 24. Endothelin LyslSSAsn G>T or K198N (Female) 





iL 


Genotype 

Frequency 


p 


Genotype 
Frequency 


P 


Genotype 
FrequcnQT 


test 






KK 


KN 


NN 




KK 


KN+NN 




KK-I-KN 


NN 


P 


Control 


124 


52 


59 


13 




52 


72 




111 


13 




POAG 


76 


3S 


33 


5 




3S 


3& 




71 


5 




NTG 


131 
















114 


17 





Table 25. Endothelin •-1370T>G (Female) 





n 


Genotype 
FinequcjiGy 


P 


Genotype 
Ftcqusncy 


P 


Genotype 

Frequency 








TT 


TG 


GG 




TT 


TG+GG 




TT+TG 


GG 


P 


Control 


124 


66 


56 


2 




66 


58 




122 


2 




POAG- 


7<S 


49 


24 


3 




49 


27 




73 


3 




NTG 


131 










84 


47 




123 


S 





Table 26. Endothelin Receptor A +70C>G (Female) 





n 


Genotype 

Frequency 


P 


Genotype 
Frequency 


P 


Genotype 

Frequency 


P 


CC 


CO 


GG 


CC 


CG+GG 


CC+CG 


GG 


Control 


124 


29 


59 


36 




29 


95 




88 


36 




POAG 


76 


2Z 


32 


16 










60 


16 




NTG 


131 


35 


66 


30 




35 


96 




101 


30 





54 
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Table 27. Endothelin Receptor A +12220T (Female) 





n 


Genotype 
Frequency 


P 


Genotype 
Fjpequenc^ 


P 


Genotype 

Frequency 


X*test 
P 


cc 


CT 


XT 


CC 


CT+TT 


cc+cr 


TT 


Control 


124 


74- 


42 






74 


50 




116 


8 




POAG 


76 


40 


30 


6 




40 


36 




70 


6 




NXG 


131 


66 


54 


11 




66 


65 




120 


11 




H-NTG 


92 


42 


42 


8 










84 


8 




L-NTG 


35 


21 


11 


3 




21 


14 




32 


i " 





H~NTG; NTG patients with intraocular pressure at 16 
iDinHg-2 luuoHg . 

L-NTG: MTG patients with maximal intraocular pressure at 



5 ISmmHg or less« 

Example 9 , Correlation between Gene Pol;i^oi:phisni of Adrenalin 

receptor and Glaucoma 

Methods 

Results 

pi-T' Ktx:?-y V^^ft:® Arg389Gly NTG i: IH^d^^JJ?? feHfc 

(Tal:)le 28)p 

15 
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Table 28. (Jl-Adrenalin.^Receptor Arg389Gly 





N 


Genotype 
Frequency 


p 


Genotype 


P 


Genotype 


3(f test 
P 


CC 


CO 


GO 




CC 


CG+GG 




CC+CG 


GG 


Conttol 


240 


147 


78 


15 




147 


93 




225 


15 




POAG 


191 


127 


58 


6 




127 


64 




185 


6 




NTG 


-284 


0^ 








197 


87 











Example 10 • Coinrelaiilon l^elzween Gene Polymoirplixsm of 
E-Select±n and. glauccnna 
5 Melitiocis 

Resultzs 

E-selectirLC0l402C>T^Mf±xPOAG, NTG i t>t-ia5S*«® 26 btbfe (Talkie 
10 29)o 



Table 29 • E-selectin 1402OT 





N 


Genotype 
Fkeqoency 


P 


Geaolype 
Fiequenicy 


P 


Genotype 
Fcequeiu^ 


X^test 






CC 


CT 


TT 




CC 


CT+TT 




CC+CT 


TT 


P 


Control 


224 


138 


67 


19 




138 


86 




205 


19 




POAG 


250 


150 


90 


10 




150 


100 










NTG 


176 


117 


53 


6 




117 


59 
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Exaxc^le 11- Corr^atxon t^etween Gene Polymorphism of 

Psixraoxon^se 1 and Glaucscmia, 

Metiltods 

poAG^^. NTG^#*^a:tm^•A^^a^^^^ pom {/<^^^y-^— ^1) 5t 

Resultis 

PONl jg-e^C^ Glyl92Arg (Q192R>^Mtt. POAG tMi^i^^WS^^ ^i^'tt, 
(Table 30)o 

PONl 3k^^<0 LeuSSMet {L55M)^^I*^ NTG («FlC:ifeiiiiajEd5 ISmmHg 
T) i!Pag5&5^ie>e>tbfc (Table 31)„ 



Table 30 PONl Glyl92Arg (Q192R) 





N 


Genotype 
•Frequency 


P 


Genotype 
Frequem^ 


P 


Genotype 

Frequency 


X^test 
P 


QQ 


QR 


RR 




QQ 


QR4RR 




QQKiR 


RR 


Control 


224 


32 


107 


85 




32 


192 




139 


85 




POAG 


110 












^^^^^^^^^ 










NTG 


160 


32 


66 


62 




32 


128 




98 


62 





Table 31 PONl Leu55Met (L55M) 





N 


Genotype 
Frequency 


P 


Genotype 

Frequency 


P 


Genotype 

Frequency 


X^test 








LM 


MM 










LL+Uvl 


MM 


P 


Contiol 


226 


192 


34 


0 




192 


34 




226 


0 
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POAG 


110 


97 


13 


0 




97 


13 




110 


0 




NTG 


160 










144 


16 




157 • 


. 3 




H-NTO 


122 


111 


10 


1 




111 


11 




121 


I 




L-NTG 


34 










29 


5 




^^^^^^^^^ 







H-NTG: NTG patients with intraocular pressure at 16 
ntttiHg- 2 IttonHg . 

Ii-NTG: HTG patients with maximal intraocular pressure at 
ISxnioHg or less. 
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(11) Sh^i^Ky Tat-e^ : mM=-§- 9101 ^dS^ § ^'*fc«v' h 

(12) 5 h:ai^Kyrig:^^:«&^#-^9804<Sz:;i*i5^T=ii^*fc«:r7'^>' 

(13) 5 h=«vKyT3ta^F:itS«'^. 11778 <ftd5^r=^'*^P>Tr^^ 

(14) ATI (r:^^::#-5^^'5^>' II^^#:i) St^^^^ : IS^-©^-713 ^dS^^ 
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(15) ATI (r II ^mt^ 1 ) 3Se^ : ficd^-s/ 

( 1 6 ) AT2 (T >'^^f5a-7^>'->'V II 2) 5&^^ : 3123 -jS^^-^ 

(1 7) CNRi (*^-:^bry-< Kg:^«:i) : 1359 

(18) CNRI (* y ^ V^^mi^ 1 ) aSe^ : 385 SdS-> b ^ 

(19) 5-HT2A (-fea 2A) jg^^ : 102 tt:*?^^ ^ 
(2 0) 5-HT2C ("to b;=:^^#f*: 2c) 3&*5^ : =» KVfi^ 23 

(2 1) CACNRlA (^&/l''>'5'A'^-Y>'-*-'t'alA) J&€S:^0M 

(2 2) ATP1A2 (•:?- h y ^7 A/:(7 y A3[K>':::^ l«2) jg-G^^^ 

(2 3) HSP70-1 (fc— hi^a ^'jJ'rT'PiT^-f 70-1) atS^ : 190 

(2 4) MTHFR (^^i^V^f^t K to |g^3@55^^) : MM^-^ 617 

(2 5) PONl (^■«7:^^y^? — ^ 1) 3t^^ : = K^'#-§- 192 ^fc^SiJ^y 

(2 6) PONi(^"«7;e-=¥y-^ — -^Dit-fS-^: =i K V^-g- 55 <Si::iSo W^ife. 

(2 7) PON2 (x-^^^^y:? 2) aSe^ : = K:^^-^ 311 <fi:*5$^;;^v'>f 
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CoDV Drovided by USPTO from the IFW Image Database on 03/10/2005 



JgEfC^ftS 1G/2G 

(2 9)MNP2 ("^ M; y:5'^^^l3::^ci-7^r'— ^2) it^^ : 4g^@#-1306 

5 (3 0)MNP3 (-^ MJ yi?^:^^ jS'ptrT'o-r-T— -tf 3) J&^^O^^P'^'-^'— ^ 

(31) BiAR ( /3 1 r K v:^ y l^^mm Ste^ : F:^^-^ 49 ^*Sir ? 

(3 2) BIAR (01 T Kl^-^y V^^f*:) it^^^ : ^ K^^^-^ 389 iiL:d^^V 

(3 3) B2AR (P2 7" KV■:^y V^^^) ag^^ : =« Ki^#-^1 6{&:dS7'/W=^ 

(34) B22\R ( i3 2 r K P i'S^i*:) at^^ : K>^#^ 1 6 4^:&s:^ V' 
y n ^ ^/i^ 

15 (3 5) Z^-Z^V^&'B^: =1 Ki^#^369^}&57ai^/l'T^c=>'l^fc|:iO'f 
(3 6) OPTN (c^r?'^;^*— y i^) it^^ : ^M^-^ 412 ^iS^T— 

(3 7) SELE (E-'te:VjJ^^:>') st-fe^ :*i:^##i402<fi::65?xf>^>^^fc«: 
20 ^Kiy 

(3 8) TNF-a (Bt5©^^@^a) it-^^ : :^®#-^-857 :^*3 it)« 

OPTN 3g:-fe^ : 412 ^iS^Y^^-l^ 

(39) TNF- a OM^JES^ a ) ^-^^ : i^l^-^- 8 63 ^li^TT^- ^ 
tJf OPTN 3lte^ : 603 ^i^T'T^l^ 

25 (4 O) TP53 : =« K^'#-^ 72 <fc;iSTyW^->'^?ttt7'a p >- 
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(4 1) ^t^'tjj/— AM^53^%^^Kt K7^-^ (EPHXl) 3te^ : = K^#-^ 
113 -^la^^ti v'>':^fcfifc 

5 oSr«?Wi-Sxm 

(1) EDNi K-fe JJ 1) 3g^^ : =» vi^^^ 198 -(aasy 

(2) EDNI (:3i>'K-fey 1) 3te^:^s^-^-i37oi£i^^5 ^-^^tri^r 

(3) EDNl (ai:^K-fey >- i) it's-?- : it»-^ 138 VS^i^A* 

(4) KDNRA (oi^-K-fe p ^-^^^ JO St-e^ : iS:^^ 70 C£*S-:^ hS^^^^ 
( S ) ■ EDNRA C^^- K-fe y V^®*is: A) Jg^^ : ^^"^ 1222 ^Sl^^ii^ ^ i)^!^ 

15 ^fcttf^S;^^ 

(6) EDNRA (3ii^K-fey i^^^#:jO ite^: =«-K^^#-^ 323 t 

(7) EDNRA (siVKty i^S^#:A) 31^^ : ife^-i-231 ifi:i)5T7^=>'* 
20 ( 8 ) EDNRB (31 K% y i^^^^js: B) Jt^^ : =1 K^'^-i^ 277 ffcO U 

( 9 ) 5 h = V K y T-jS'S^ : MS^-^ 9099 ffi:6S->' h '^Z^^tcnT^:^:^ 

(10) 5 h 3 >- Ky rSt^^ : 9101 mt,^-^^ ly^tzLiii-Vrz:^-^ 

(11) ^V^i^YV Tmm'T- : ^^-f - 9101 5 ^li'^- b 

25 ( 1 2) 5 b =» Ky Tit^-^^ : 9804 f^-mifr ^^l^-^fMr^^:^ 
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(1 3) 5 f=ti^KPT3t^^ 11778 ^adSjf^r^V'A^bT'T*-^^ 

(14) ATI (T>'^:^7^i^->'>' II 1 ) : mS#-^-713 ^S:*s^ 

(1 5) ATI (r i^^:*-v">'->'X II 1 ) it^^ : 4^g#-^-S2i fStdSix 

(16) AT2 (T>'^:«-v'Vi>'>'ii^W#:2) iSM-^aias^Jt^isv 

(17) CNRl (:il7 i^-^ tf KS^I*^ 1 ) St^^ : 1359 ^T^^ 

(18) CNRl (;& v:^tf K^^i^l) M^=F : 385 hi^ 

(19) 5-HT2A (-feci h^^^^^fls: 2A) at^^ : Sl^S^-l' 102 ^fl^'^Kt^iS. 

(2 0) 5-HT2C (-feta 2C) Jt-S^ : Ki^li"^ 23 ^^^V^i^ 

(21) CACNAIA (:* ^J^^^ Z^^A^ dllO at^^^M 

(2 2) ATP1A2 (-^fy >>A/:&y ^?AJt?:x':7-ia2) atS^^-M 

(2 3) HSP70-1 (fc— hVg -y^T'civ^^i^ 70-1) it-^^ : 190 

(2 4) MTHEH (iPt^Vi^^^ b7 t Kl=lg^3S7U^I^) 3©^^=- : 677 

(2 5) PONl («'-?^:^-=^i'-^ if 1) 5b«^ : =« K^'fl^ 192 (fej&^^^JJ i^i^ 

(2 6) PONl(^-«7^#y^— ^ l)3t^^=^ : = K>'®^-55^S:^SCI'<->'^^*fc 
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(2 7) PON2 (-"«^^dF■y:^:r'^ 2) i&^^=- : = K^S"^ 311 -{aiaSe^^^^ 
i^^fcfiiryx (2 8) MNPl (•v'hy jy^^^^o^OT^T— ^1) at^-f^O 

gS^tC*5ftS 1G/2G 

(2 9)MNP2 (-=e MJ y:>-::^^^'D>^u-7^7'— ^ 2) ig^^ : 4S:^#-§"-l306 

■V. 

(3 0) MNP3 (-^ M) ^t3::?'a-7=-T— ^ 3) ^^^(o-^^^^'^'-m 
(31) BlAR ( ^ 1 7- K V-M) ^-S^i*:) : = K^-H^ 49 fiL:6$-fer y >- 

(3 2) BIAR (/31 T K l^-^" P i^^^ft:) ^^^^ : = K:^S=-^ 389 m^^)> 
(3 3) B2AR (i3 2 r KW-^y v^^^^c) 5te^ : = K^-S^l 6 «fc;5sr /^=3f^ 

ri^-^fctitj^y w 

(3 4) B2AR KV-^y V^^(*:) jt*5^ : » Hi^«-^1 6 4^aAS:^l^ 

(3 5) ^^a-^i^y ^'3®:'©^ : =» K>'#=-§- 369<2:*57:*:=^>'l'r ^:=i:^"Sfc:ttn-f 
(3 6) OPTN (;*->^^^^-y :^) : 412 ^te^^t^T 

(3 7) SELE (E— feu^f^;^) 5tfe^:^S#-^1402&dSVh'>'i^mfc«: 

(38) TNF- a (®3©^?E® ^ a ) jS^^ : m.^m%- 8 57 ^SA?^ * >'*5 J: t>J 
OPTMit^^ : 412 mi^Tf=-l^ 

(3 9) TNF- a (8t-l®^5E®^ a ) ^^-f^.: ^^-^-"863 ^£;&Srv*=>'*5<t 
XJP^ OPTN Jte-?^ : mSli-^ 603 Wfir'f=^>' 
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(4 0) TP53 Jt«g^ : = h'Z^m^ ^2 m^Tjy^^>-^iti-iZfU V V 
(4 1) *^n>^— AM^'K=3r->'Kfc K7— <EPHXl) : Ki^^-^ 

113 ifir:65^a v'V^fcJ^t ^^^i^ 

[I I i}^t£^itt1t3^^^m.it>^hm^BM<om.^^V :^^t:^ii>^:i:M^ 

( 1 ) EDNl (,=^^^ K-fe y 1) 3te^ : = K>'ll=-^ 19.8 ^fei* U -:;»^'*fj:t*7' 
( 2) EDNl (^3/ Kir y 1) it^^ : >-^fcf*:^^r 

(3) EDNl (^>'Kt U 1) 5te^ : tSSli^ 138 m^'r'r=^'^*^n:^^ 

(4) EDNRA (^i^ 1) >'^^«^ A) : mS*-!" 70 {fea^V hi^i^^ 
( 5 ) EDNRA C^^- K-t y VS:?^^^ A) 5S^^^ : - 1222 h t^>' 
(6 ) EDNRA (oO-K-feU V'Sl^flSA) ma^: =« K^^^^ 323 i^^St 

(7) EDNRA (rc:^K-fey :;'g:^«:A) at^^ : ^SS-§^-23i ^tdSTr^i^^ 
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(8) EDNRB (^^-Kiry ^-^^filEB) : => h':>^^^ 211 ^(OX^ 

( 9 ) 5 h 3 K y r Jg-^^ : 9099 b fct*r ^= 

5 (10) 5: b = VKy T-ig^^ : 9101 5:^* fcF*^T = i^ 

(11) ^h^s^-Ky Tat-e^ : 9101 ^ V^fcfii^ b 

(12) 5 f=t>'Ky :^fe^^^804^£;OS^^r = i^*ifc^iT7^::^>' 
(13) 5 h=i:/Ky Tat^iF : 4lLi£^#- 11778 4S:;55ij!r7'-::^;jit,r-7*=i^ 

( 1 4 ) ATI (T ^-'Sf i'-Vi^ II 1 ) : *eS#-S-713 fiEdS^ 

(15) ATI (rv^;^^ II ^^(4^ 1) : mS#^-521 

(16) AT2 (7'^'=¥:^V^>'Vi^IX^^«=2) itfe^^: :^#-§-3l23<^L:iS£^ 

IS (17) CNRI (??; try ^ KS:^#: l ) : i359 i^T ^ 

(18) CNRi (;l7^-^tfy ^ m#($:i) : 385 eidSV 

(19) 5-HT2A (-fe a h 2A) 3^-^^ : mMm-^- 102 5 

20 fct±e^v^'>' 

(2 O) 5-HT2C (-feta hcsV^^j*: 2c) itfe^ : = Ki^«-^ 23 m^i^'^i? 

(2 1) CACNAIA (>{7/W-i/!>-£«.^^>':^/V'alA) SS^^^M 
(2 2) ATP1A2 (':^ b y y «> AjJ^V::^ la2> itG^^M 

25 (2 3) HSP70-1 (t — h^>'3 5/ jS' ^^c'T'-f >' 70-l) ig-IS^ : 190 
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(2 4) MTHFR (^^U^'T^h^t K a |g^Sg7U® jg^^ : i^^"^ 677 

(2 5) PONI — i) it^-^ : =« 192 &As^^y-»' 

(2 6) PONI (x-?^;*-^?^:? — i)3t^^ : = Kv^^ ss^i^ra^ Z^l^^f:! 
«::?»'^;*-— 

(2 7) P0N2 (^■'^^J-'^fy-^— ^ 2) 3te^ : KV## 311 <2:*S^^^9'-Y 

10 (2 8) MNPl (n' hy s'^i^;^^'ci:7'Cf7^T— If 1) ^^^^^tO'T'o-*— t?'— ^ 
igttJ:*3»tS 1G/2G 

(29) MNP2 {^hV yi' TT—^ 2) : 4§[S|&-^-1306 

(3 0) MIJP3 («r ^ y 5i/j?;<;»tiJ'»:7*nv'r— -^3) 3te^<^^P^^— i?'^'® 
IS *iStr*5»t-5 5A/6A 

(31) BiAR 0 1 r Kl^:^y ^-Si^fic) it-e-^^ : K^#=^ 49 &:ds-fer y 

(3 2) BIAR (ei T m.^=f- : K:x#^ 389 m>^if^} 

20 (3 3) B2AR i&2T V ^^^i- V^^^^^W) jS^^ : =« K^'^-^'l 6ifc*Sr/^^ 

^^^i^^fcf^cj^y i^^- 

• (3 4) B2AR (^ 2 T K t-?- y i/^W<*c) it^^ : ^ Y^^m^ 1 6 A^)^^ ^ 

(3 5) 5;i-vy i^at-^-T^: = Ki^^^ ses^fc^sp^aici/wr ^•=^i^*^tt±a'< 

25 
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(3 6) OPTN i:tZf'^=^ =•—.]) » at-G^ : mS^-^ 412 m^^VT^^^^fzL 

(3 7) SELB (E— feVi^f^^-) 3t^^ 1402^*5-;^ hS^:/*fc}* 

5 (38) TNF- OS (lll3g^5BS^ a ) ig^^" : 8 57 iSt*S^ ^ i^*3 j; t>« 

OPTN : 412 (iLi!>^T7'=^^ 

(3 9) TNF-« (8iSS^5E®^a) 3t^^=- : li:^-^-863 <&:5Sr7*= V jSj: 
OPTN at«5^ : 603 ^3&5T7*^i^ 

10 i3i:^^5>xm> *3J;d^ 

till i^j£$Hfc:3t^^^d*6>^l^l^<^3e^6«)y ^^^'^^s^'-Sxao 

7. • fg3^3©5(^Xm[ I ]tC*5V^-C. (1). (2). (5) ~ (7). (1 6)^ (1 

15 9) ~ {2 2)> (2 6) *5J:U5 (3 2) <7:>5t^^^M<^V^TH«^'fe < 't* 1 

(1) EDNl (^:^K-fey 1) 5t^^ : =^ K^-*^- 198 m>]> 'J^:y^fc\Xr 

(2) EDNl (3i:^Kiry i^i) Jt^^ : ifi^«^-i370 i^^fcli^T 

20 ^^^^ 

( 5 ) EDNE^i (:3i V Kir y l^^mii^ A) it^^F : 4£^-^ 1222 ^/JSi^ b i^^- 
(6) EDNRA (3^VK-fey ^'^^(l^lO J^-fi^: = KV^-f^323^<^fc^^-:^ 

25 ( 7 ) EDNRA (3i>' K^fe !? A) itli^ : ^^-§-231 mi^T^^l^-^ 
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(19) 5-HT2A (-k a 2A) 5t^^^ : 102 -^fcAS^ S 

(2 O) S-HT2C (-fea 2C) at^^ : = Ki^®-^ 23 mt'^i^^^-^ 

(2 1) CACNAIA (>57^^->'!j^2Kf^-V'>'4^^^ctlA) ^<^^#M 
(2 2) ATP1A2 h V t7J^/-fJ V ^ Jx'^l^-:f la2) 

(2 6) PONl(^'«^:^*2lry':) — -^Dat^^: = KV^-^ 55 {SidSc-l' v'X^^t 
(3 2) BIAR O 1 r KV-^y ^'^^^IC) Jg-fii^ : =^ KV#-^ 389 ^1^^'') 

9. tt3H:3S4<!9Xm[ I ]^^:*5V^■r. (4),(9)'-'(ll).(14),(l5). 
(2 5). (3 5)s (3 6) ^i^ST- (3 8) m'^'Taxd^^^j: < t 1 "^J^iS^^ 

(4) EDNRA (3:^V K^fe !) l^^U^ A) SiL^S^ : 70 tfe^Si^ h vi^* 

( 9 ) 5; h =» K y Tit-^^ : ^S^-^ 9099 fi:;5S$^ h ix^'^fcdcTT*-^^^^ 
(1 O) 5; Ky T]^^^ : MS^^ 9101 ^l^^^ 5: ^^^fc^^^Tc^^i^ 

(11) ^ hsii^ Kyr5g^^ : *&3E#^9101-6td5^^i^m3^ttv'hVi/ 
(14) ATI (rv^:t-7^1^i^>' II ^^(*=1) ite^ : mS#^-713 fi^^s-^ 
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n««„ .M^nvirlAd bv USPTO from the IFW Imaqe Database on 03/10/2005 



(1 5) ATI (Ti^^^^-T^i^i^XII^^fl^l) 5t^^^:mS#^-52i^a:*Sv 
(2 5) PONl (y^^yt^y-r—^ 1) it^T- : KV^^ 192 iSCdSj/y t^t^ 

(3 6) OPTN {:^>r^==-=i.— V:^) Sta^ : 412 &ii^T ^l^-mft 

(3 8) TNF-« CBS3^^5E®^^«) at-e^ : :^^i|-^-8S7 {St^i.^^ 5 ^'is iU? 

(4 O) TP53 jg^g^ : K 72 {ic>JtTyl'^^>*fc^i:/o y 

(4 1)- EPHXl (5 13 5/— AM^;^<=SrV Kt 1?) 5t^^ : K^^li"^ 

113 ta:*s^t=t ^^V^fcl^t: ^^^^ 

[III] § ttf=:ite^M*> b V— </i'?^ coit^fi^ P ^ ^3ftJt> S XSo 
1 2 . xmi I ] i;:*5V^x. $ b I- W — t/V'3^tJ:-^^<Oate-5^0M*'a-*^'^M 

13. iS^^#MSr. RFLPjfe. PCR-SSCP^fe. A S Cn^- y ^ 

h'l^'-^^^&K ARMS?fes DGGEScx RNa 
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r^-rt, nrnvided bv USPTO from the IFW Image Database on 03/10/2005 



jfe. MALDI-TOF/MSm. TD I ^fes — WAVEfe. — 
5 14. e;T05 (1) ~ (4 1) d>e>:&S;r/U— :7°<t'9ilM$tt-£.— O|y._h(0 

(1) EDNl (^i^K-fe y :^ 1) aS^^ : Ki^#^ 198 ^d'^ ^^V^tfejAT" 
10 (2) EDNi (a^^'K^fey VI) 3S'fe^::^SS^-l370fir^>^5;>'*fcf*^^r 
(3) EDNI (aii^K-fe y 1) sit^S^ : *gSfl=-§- 138 <fctCTv*^>'i6Stf 

(5) EDNRA C^^- K-fe y A) iS^^^^ : MM^^ 1222 -(S^eiSe/ hi^V 

(6) EDNRA (^^l^ K-tey :^S^(*=A) : =» K^-®-©" 323 *a:<0 1 
20 ( 7 ) EDNRA (ii^ V K-fe y A) 5t^^ : a^S-§-231 m^TT'^ 

( 8 ) EDNRB C^V K-fe y i^^^^*: B) 5te^ : K>'li=-^ 277 iSL<D a -T 'i^i^ 

(9) ^ hni^Ky rSt-e^ :^S|i^9099^a:65ixhe^>^:^fc«rv*^i^ 
25 (10) 5 ^rl>'Ky7'3&e^ : S£S#-§"910lttd5^^ V^:^-»*i5^7-^>' 
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(12) 5: h=>vFy Tit-e^ : m.mm^9804m^^T=^-^%tn^ry'=^:^ 

(13) ^ hra^-KUTit-e^ : 11178 <SL*5^r = i^:i>brv*=^i^ 

( 1 4) ATI (T:^^;r7^:^->i^ II 1 ) it^-i^ : ^^#-§--713 

( 1 5) ATI (T>-=¥;^v"V'>i^ II ^^^y.) 3g^^ : i|feS#€-52l ^fcdJi^ 
( 1 6 ) AT2 (TV^;^^i^S^>' II ^^<^2) ^^'f- ' 3123 
10 (17) CNRl (;&>':Mf>'>f K^^#:i) it-K^ : 1359 fiti^^T:^ 

(18) CNRl i^-?- Vf KS^<^ 1 ) 3^^^ : 385 V h €^ 

(19) 5-HT2A (-fe a h = 2A) : 102 5 
15 fcif*i>'hv^>' 

(2 0) 5-HT2C (-feci h^^V^^^ 2C) it^^ : K^H-^ 23 

(2 1) CACaSAlA (3&yV'i/'5^A^^V^^ValA) 5t^-7-#M 
(2 2) ATP1A2 (:?- M) U AzK^'T' Xof2) 3t^^#S 

20 (2 3) HSP70-1 (t— hi/'g 5'^>^i=«^>r 70-1) 3t^^ : 190 

(2 4) MTHFR (^^I'^-T' h7 t K«^@S^7n^^) : mM-^ 677 

(2 5) PONl (^^9:^^y^ 1) : K>^^ 192 ^ai>$:J^y 

25 
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(2 6) PONl(^-?7::d-=¥y^-T:-^l)ia^^: SS (SI^Sd^ i^^^fc 

(2 7) PON2 U<'^yi-<^y^ 2) jt^^ : =• Kl^#-^ 311 m^'^^^^ 

5 (2 8)MNP1 (-^rhy >>:^P^yi?'av^t3^T— If l) 3t^T-®:^i='^^i5''-'^ 
i|j?ln*3ttS 1G/2G 

(29) MNP2 i-^VV^^^:^^^ •:fxi=TT~-'^ 2) ig^^ : 1306 

(3 O) MNP3 (^ h y y-!/ y^.;^ifrx':fxx=f-'r^^t 3) 3g^^<0:7^tict— ^ 
10 Jfe^i^lSoit-S 5A/6A 

(3 1) Bi2« Oi r Kl^:^y ^-Si^^s:) 3ta^=' : = Fi^#^49<St*5-fe y 

isfcf*j/y'>x 

(3 2) BIAR (3 1 T KV-t-y i©^^ : = K^'^^ 389 <6::*5^y 

15 (33) B2AR { 0 2 T K l^-^ y >'S^^*^) ^^^f^ -* =» KVfl'-^ X 6 ^i^^ 

(3 4). B2fliR (02 r Fi^-^y i^^mm st^^^ : =» kv#-^i e 4&:d5;^i^ 

(3 5) 5;a-Vy ^'Sit'fe^ : = K>'^^369{fc55S7acC=/V'T^^>'*;^t*»'< 
20 5^>' 

(3 6) OPTN (:;r:^^=^^».— y >-) ^^5-5^ : 412 {feds^r^v^fc 

(3 7) SELE (E— feV^^^-) it^^ :MS#-^1402ia:)&s->'h-i^V^fc:t4 

25 (38) TNF- a (MjS^SEH^ a ) 3t^^ : 857 ^ 'fc 
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ronv nrnvSHn'i n«sPTO from the IFW Imaqe Database on 03/10/2005 



OPTN 3t^^ : IS^S-^ 412 ^it>^T'f=^>' 

(3 9) TNF-a mmmStm^r-a) jt^^rt^^^-^— 863-f£t*ST9'=^i^*5i: 
TCF OPTN at-^-^ : i^Sli-^ 603 ^^STf =i V 

(4 0) TPS3 it-fe^ : ^ K^^-§- 72 &;&ST/L'=¥^:^^fc(:i:7'a y >' 
5 (4 1) cy— AM^J!K=¥v'Kt: K^—^ (EPHXl) 3g^^:=»K^#-^ 
113 e^^'^fcHi t 

10 17. eiT<z? (I) — (3 9) d^€>f£Si^.'i— :7'J; «3i^^^Ji-5— oei._h<^ 
y ho . 

(1) EDNl (s^^-K-feJJ V 1) jS^^: = KV#-^ 198 {£^5 y i^^'^fc^T' 

15 (2) EDNl (ci:^:/ K-fe !) 1) it^^ : ife^^-1370 |&:dS^5 V^^tt^/T 

(3) EDNl (^:^K-fey 1) : 138 m^7"r^^^-^^^y^'^ 

(.4) EDNRA (.=1^^ U i'^^* St^-T- : 70 *£*SV h i^:^^ 

20 fxL\^^fT:=-Z^ 

( 5 ) EDNRA (3i V K-fe y V§:^fls A) 5S^^ : J&^^-f- 1-222 Uii^'t^ b i^>' 

(6) EDNRA (j^i^K-fei? v^^#:a) ob^^ : = K>'^-^ 323 1 ><>^-:;f 

2S ( 7 ) EDNRA (ac^^ K*fe P A) 3^^^ : ^®fi-^-231 ^Tt^:^ 
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(8) EDNRB K-fe y >'S:^**:b) jg^^ : =» K>'##277 ^fc«3a-f 

( 9 ) $ ^ =• >- K y 7-5^^^ : 9099 ^^i^-.^ >> 5/>'^fcl*T7'"= ii^ 

5 (10) 5 h = >-Ky Tia^iF :^S«-^910Ha:*5^5. V^fcl:ii?'r = >' 
(XI) ^b=»i^K!) r5t«-5^ : 9101 5 i^^fctt-^ b i--:^ 

(1 2) * f3i'Ky7'3S^^:M^##-9804 <a:3ds^^r^i^*fc(*r7*=i^ 

(13) 5 bsi^KPT-jg^^ :4^#-l-li778fi£*5^r^>'5a>5>T7*c=^^ 
( 1 4) ATI il 1 ) Jt-^^^ : 4&^#-^-7i3 

10 ^C-'^fcf^iJ^r-^ 

(15) ATI (r II 1 ) 5te-?" : ^^#^-521 V 

( 1 6) AT2 (n^^:^^^^^?^^ II S^(4C2) S&e^ : 3123 ^^SS^ 

15 (17) CNRi (^ KS^^*: l ) aS^^ : 1359 ^a:*5^T^ 

(18) CNRI {.^^y-T'^J ^ K^^(*:i) 3la'l&^ : 385 fe^^i^ hv^ 

(19) 5-HT2A (ir a f 2A) st^^ : iSS®"^ 102 ffid?^ 5 
20 fctt-Vhi^^' 

(2 0) 5~Ht2C (iru h^V^Wfls: 2C) .3t^^F : = K^-^^ 23 iS:*5>:^5^i? 

(2 1) CACNAIA (*/t'£«'«>^5=-^i^-^/^O£lj0 St^^^-M 
(2 2) ATP1A2 (-^ h P y •>j\3fj<v:7' la2) afi^^^M 

25 (2 3) HSP70-1 ( t — h 3 y ^ 70-l) i®^^ : JgS^-^- 190 
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(24) MTHFR ^ h ^ t K O Igi^igTC^sg) it^^": ^^-^ 677 

(2 5) poNi (x>"7;t-'3E^y:^— ^ 1) ®€S^ : =« K>'^^ i92 

(2 6) poNl(x'?7^^y:^-— K>^^6 5<2::6St3^ 

(2 7) PON2 (^"?^;e-^y:?-— ^ 2) : =« Ki^«=-^ 311 (Slt^'^^'^T'^ 

10 (2 8)MNP1 (-^ by S^^':^p<^l3:5^civ="r— ^ 1) M^^(OZ/'tx'^--^—m 
*KiC*5ttS 1G/2G 

(2 9) MNP2 (rf h V 4^ ^ rizfxxTT^^ 2) jge^F : l&S#-^-l306 

(3 0) MNP3 (V h y i/tJ';3;;>t^'B:/i3-r^T— ^3) 3k^^<o-:^a^—.^—m 
15 ^^{C^stta 5A/6A 

(3 1) BiAR (i3 1 T Ki--?-y :^S^fl=) ^fe^ : K^'^-^ 49^:SS-fe y >- 
*fcf*^y-:^v 

(3 2) BiAR (^ 1 r Ki^^y vgi^m at^^ : =« 389 {ficis^y 

20 (3 3) B2AR ( i5 2 T K U-^- y >'S^(4J) iSfi^ : =« K 16 

^>'*fcf*^y->'>' 

(3 4) B2AR 02 r VU^V i^S^ft^) 3t^^ : =« K^^S^-^ 164 ^&z)5:sii^ 

^ri:^^fc«-r y a -< 

25 
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(3 6) OPTN >') ^^"^ • 412 m-i^T^^'^ti 

(3 7) SELE (E— feV-^^^^) jt^^:mM^1402<&*5i^f->i^*3tt* ' 

5 (3 8) TNF-a (fltSg^^S^a) il^^^ : ^^"^-857 ^-5^^ § 
OPTN ^-e-T^ : 412 m)'^T'r=^-> 

(3 9) TNF-a (fl^SS^ea^a) ^^^F : i&S#-^-863 ©d^TT*— J: 
0« OPTN : *IC^#-^ 603 tCt^SX^;:^ >- 

1 o -g-tf It*^ 1 7 \z.mM.<^ ^ p 

19. ei.T«Z> (1). (2), (S) ~ (7)s (16), (19) - (22). (2 
6) »Xxy^ (3 2) i^e>i^iS^^yv— :7*J:>?S^§ti'S— oe«.Ji«>at^^<553?^^ 

\ ( 1 )• EDNl (=ci^ K-fe y ^ 1) ^^5^. : S3 Vz^m^- 198 D fcttT" 
15 y<<^<'7^l^ 

(2) EDNl (^^^K^y^'l) at^^^::^»^-l370&:S«^5>'^^f*:J^7' 
( 6 ) BDNRA (-3^^ K-fe y A) m^S^ : 1222 mi^'^ V iXi^ 

20 ( 6 ) EDNRA (^i^ F-fe y >'^^W A) 5^^^ : = Y:^m^ 323 ifiC© t 

( 7 ) EDNRA (^i^ K-fe y -^^m-^ld it^^ : 4fe^^^-231 <fi:*ST7*=:^^ 

(1 6) AT2 (T:^^:^7'>'v':^ii^^fl^2) it^5^=^ :^^#-^3.i23<fi:i>Si^ 
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(19) 5-HT2A (^cr hr^i^^^flc 2A} St^-^^ : 102 ^JL^Sf^ 5 

(2 0) 5-HT2C (-feci f^^-S:^^ 2C) it^^ : K^-^-^ 23 ^^^^VJ^e? 

(2 1) CACNAIA {:;lU/U'>^M.f^^Zy':^>/^<xllO Jii-Cs^^M 

(2 2) ATP12V2 (-?- h y !>A/:i7 y la2) S^S^^M 

(26) PONl (^-^^ y^—^ 1 ) 5te^ : =» Ki^#^ 55 fifcJ&S c S^^'-^ fc 

(3 2) BiAR (0 1 r Kv:^y ^^^^i*:) st^-? : ^ K>'#-^- 389 ia^isjj^y 

2 1. JEJLT<^>-(4), (9) ~ (1 1). (1 4)> (1 (2 5). (3 5)s (3 

6) *3J;tJ« (SS) i)>^n:^^f^ — ^J;»)3li«i*i^«— om-fc«>3t^-=F<^:^7 

( 4 ) EDNBA (3^^^ K-fe y A) 3tS^ : a:^^^ 70 mi^^^ V '^'^'^ 

(9) SL fai^Ky rSt^^ :1fe^li=-§-9099^j5*->'V5^>^^-**^9*=^>' 

(10) ^ h ni^Kyr®^^ 9101 ^355^5 i^^fcfit/T^^ 

(11) 5 b =< V K y Tit^ : 9101 <fi:35«'9^5 ^'^fcliV h i^V 

( 1 4) ATI iT^^^ilrT^-y^^^^ XI ^mW-X^ '-mBFir : l£S#-^-713 •fifc*^^ 

(IS) ATI ir-^'^^^'^^^:^ II S^i*: 1) it-^^^ : J^^lt^-521 fifcjiS'V 
(2 5) PONl (^^v:^'¥y^— g 1) m&=F : ^ 192 ^ii^^V ^^Z^ 
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(3 6) OPTN (^^9^=*— y >-) : Mm^^ 412 ^id^ii^T^^l^^fc 

(38) TNP- a (J^^5E@^ a ) S^-fiS^ : 8S7 - ^ :^iS iTJ« 

OPTNJg^K^ : m;^^ 412 dfc^ST'v*::^^ . 

10 2 3. «JiT<o (4 0) ~ (4 1) 03^-G^F^<^>7'^-Y-^-*fcl4:7*i3— 

(4 o.) TP53 a&e^ : » Kv#-^ 72 ^aijsr/^^^:^^^^^:^!^ y 

(4 1) EPHXl (^^ciy— Am:3:::3?^->Kt K^— ^.) 3te^ : ^ K^-^^^ 
113 fe)6S^n */V^fc{*fc ^f^^i^ 

2 6. m^-^910lt£»5^^ V*''b*^T^>'t3:ie^l'fc5 hn^-KyTit 

20 

25 2 9. RNAi mcioX. 3E^*3J:tJ«g5S<0 5;t-«>'y ^'S::^<='y^i-«^t«^ 
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3 2. :^#SlJflE*S3^l^l^-efe site's 3 OtC:|B^©:&?feo 

3 3 . r >'^>J-^ Vi^i^ II 2 m^^<OmS#-9^ 2123 ^5^^ h t^^* 
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FIG. 1 
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Fig. 3- 
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Table 4. Primer sequences 



m utation 



3460 
11778 
14484 
9101 
9804 



Primer Sequences 
(5* to 3') 



F CAG TCA GAG GTT CAA TTC CTC 

R TOG GGA GGG GGG TTC ATA GTA 

F GGC GCA GTC ATT CTC ATA AT 

R AAG TAG GAG AGT GAT ATT TG 

R GOT TTG TTT CTG TTG AGT GT 

F AAA ATG CCC TAG CCC ACT TC 

R GTC ATT ATG TGT TGT CGT GC 

F CAC ATG CGT ATT ACT CGC AT 

R CGG ATG AAG CAG ATA GTG AG 



Table 5, 



Case 


mizONA mutation 


Patient - 


1 


mutation {Zle to Met) 


POAG (Kale) 


2 


T9X016 mutation (lie to Ser) 


POAG (Female) 


3 


T9101C mutation (lie to Tlir) 


POAG (Female) 


4 


G9804A mutation (Ala to Thr) 


POAG (Male) 




Gd804A mutation (Ala to Thr) 


KTG (Fetmale) 


6 


G11778A mutation (Arg to His) heteroplasmy 80% 


POAG (Female) 


7 


G11776A mutation (Arg to His) heteroplasmy 15% 


KTG (Male) 
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Table 7 . Association bQj;ween glaucoma (POHG and NTG) and gene 
polymorphism of the renin-angiotensin aldosterone system. 



Gene 


Gene 
Po 1 vmorphi sm 




Geno"! 


- \rrs&. 
-jr f ^ 

ency 


p 


Renin 


I8-83G>A 




GG+GA 


AA 




POAG 
(n=153) 


152 
(99,3%) 


1 

(0-7%) 


0.031 




NTG 
(n=185) 


177 
(95.7%) 


8 

(4.3%) 






(n-183) 


173 
(94.5%) 


10 
(5-5%) 




ATI 


-713T>6 




TT+TG 


GG 


P 


POAG 
(n=165) 


158 
(95.8%) 


7 

(4.2%) 


0.04 


NTG 
(n«208) 


208 
(100%) 


0 

(0.0%) 




Control 
(n=198) 


197 
(99.5%) 


1 

(0.5%) 






312 30A 
(Female) 




CC 


CA+AA 


P 


POAG 
(n«79) 


34 
(43.0%) 


45 
(56.0%) 




NTG 
(n«a.20) 


35 
(29.2%) 


85 
(70-8%) 


0-011 


Control 
(n=lll) 


. 54 
(45.0%) 


66 
(55.0%) 





Table 8 . Distribution of genotypes of ATI -521T allele and -7 



allele 



Group 


L ^ 


B 


P 


POAG 


7 


158 


O.OIX 


(11=165) 


(4.2%) 


(95-8%) 




NTG 


0 


208 




(n-208) 


(0-0%) 


(100.0%) 




Control 


0 


198 




(N-198) 


(0.0%) 


(100.0%) 





As subjects witH two -521 allele* and two -713G 



BJ Subjects not satisfying the criteria for Group A- 
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CoDV Drovided by USPTO from the IF=W Image Database on 03/10/2005 
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Table 20 • Endothelin A138I/D {Male) 





n 


Genotype 
Frequency 


P 


Genotype 


P 

/ 


Genoi 




n 


m 


J/D 


D/D 




m 


1/P+D/D 


I/I+I/D 


I>/D 


Control 


100 


4 


34 


62 




4 


96 




38 


62 




POAG 


100 


3 


21 


76 




3 


97 










NTG 


1X9 


1 


28 


90 




1 


lis 









Table 21- Endothelin Receptor A -231A>G (Male) 





N 


Genotype 

Frequency 


P 


Genotype 
Frequenf^ 


P 


Genot 
Ftcqn< 


snqy 


attest 

p 






AA 


AG 


GG 




AA 


AG4GG 




AA+AG 


GG 




Control 


100 


22 


45 


33 




22 


78 




67 


33 




POAG 


lOO 


24. 


51 


25 




24 


76 




75 


25 




NTG 


119 


30 


60 


29 




30 


89 




90 


29 






89 


17 


45 


27 




17 


72 




6Z 


27 




L-KTG 




^^^^ 














^^^^ 







H-NTG: NTG patients witli intraocular pressure at 16 

5 HfloHg- 2 ImmHg , 

L-NTG: NTG patients with maximal intraocular pressure at ISmmHg 

or less • 



lO 
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Table 22 . Endothelin Receptor A H323H OT His323His (Male) 




H-NTG 



: NTG patients with intraocular pressure at 16 



iianHg-'2 lininHg . 

L~NTGi MTG patients with maximal intraocular pressure at ISmmHg 
or less. 



Table 23. Endothelin Receptor B L277L G>A Lett277l.eu (Male) 





tL 


Genotype 


P 


Genotype 
Frequency 


P 


Freqa< 


ype 

jncy 


P 


GG 


GA 


AA 




GG 


GA+AA 


GG+GA 


AA 


Control 


100 


IS 


41 


41 




18 


82 




59 


41 




POAG 


100 


26 


48 


26 




26 


74 










NTG 


119 


26 


61 


32 




26 


93 











10 
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Table 24, Endottielin Lysl98Asn G>T or K198N (Female) 





n 


Fcequeacy 


P 


Genotype 

Frequency 


P 


Genot 
Fre<pi< 




P 


KK 


KN 






KN+NN 




KK+KN 


isnsf 


Control 


124 




59 


13 




52 


72 




111 


13 




POAG 


76 


38 


33 


5 




35 






71 


5 




NTG 


131 
















114 


17 


- 





1 

n 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Oenot 
Ftequ< 




X*test 
P 


TT 


TG 


GG 


TT 


TG+GG 




TT+TG 


GG 


Control 


124 


66 


56 


2 




66 


58 




122 


2 




POAG 


76 


49 


24 


3 




49 


27 




73 


3 




NTG 


131 


^^^^ 




^^^^^ 




84 


47 




123 


S 





Table 26. EndotHelin Receptor A +70C>G (Female) 





n 


Genotype 
Frequency 


P 


Genotype 
Frequency 


P 


Genot 
FreqcK 


ype 


X^test 
P 


CC 


CG 


GG 


CC 


CG^G 


CC+CG 


GG 


ContJol 


124 


29 


59 


36 




29 


95 




88 


36 




POAG 


76 


28 


32 


16 










60 


16 




NTG 


131 


35 


66 


30 




35 


96 




101 


^ 30 
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Table 27. Endothelin Receptor A +12220T (Female) 





n 


Genotype 
Frequency 


P 


GenoQppe 
Froquency 


P 


Ocnot 




P 






CC 


or 


TT 




CC 


CT+TT 




CC+CT 


TT 






124 


74 


42 


S 




74 


50 




116 


8 




POAG 


76 


40 


30 


6 




40 


36 




70 


6 




OTG 


131 


66 


54 


11 




66 


65 




120 


11 




H-NTG 


92 


42 


42 


8 










S4 


8 




L-ISTTG 


35 


21 


11 


3 




21 


14 




32 


3 





H-NTG: NTG patients with intraocular pressure 
naDHg-- 2 litunHg - 



1,-NTG: MTG patients with maximal intraocular pressure at ISmmHg 
S or less. 



Table 28. ^l-Adrenalin Receptor Arg389Gly 





N 


Genotype 
Frequency 


P 


Genoiype 
Frequency 


P 


Gcnot 

Frcq[U< 


ypc 

sncy 


X^test 
P 






CC 


CG 1 


GG 




CC 


CGi^GG 




cc-k:g 


GG 






240 


147 


78 


15 




147 


93 




225 


15 




POAG 


191 


127 


58 


6 




127 


64 




185 


6 




NTG 


284 










197 


87 











10 
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Table 29. E-selectin 1402OT 





N 


Genotype 
Frequency 


P 


Genotype 
Fxeqaenpy 


p 


Gcnol 

Fre<iu 


type 

caicy 


P 


CC 


CT 


TT 




CG 


cr+TT 


CC+CT 


TT 


Control 


224 


138 


67 


19 




138 


86 




205 


19 




POAG 


250 


150 


90 


10 




150 


100 






^^^^^^^ 




NTG 


176 


117 


53 


6 




H7 











Table 30. PONl Glyl92Arg (Q192R) 





N 


Genotype 
Ftcquency 


P 


Genotype 
Frequency 


P 


Genot 

Fie<i'U< 


ype 


P 


QQ 


QR 




QQ 


QR+RR 




QQ+QR 


RR 


Coatrol 




32 


107 


85 




32 


192 




139 


85 




POAO 


110 






""^^^^ 


^^^^^ 














NTG 


160 


32 


66 


62 




32 


128 




9S 


62 





10 
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Tat>le 31- PONl LeuSSMet (L55M) 





N 


Genotype 
Fxttquency 


p 


Genotype 
Frequency 


P 


Genot 


incy 


X^tcst 
P 


UL 


LM 






UL 








XVLEVX 


Control 


226 


192 


34 


0 




192 


34 




226 


0 




FOAG 


110 


97 


13 


0 




97 


13 




110 


0 




NTG 


160 










144 


16 




157 


3 




H-KTG 


122 


111 


10 


1 




111 


11 




121 


1 - 






34 










29 


5 




^^^^^^^ 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR Sn>ES 



FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



y^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 
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